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CLINICAL AND EXPERIMENTAL 


OBSERVATIONS IN AIR FORCE RECRUITS OF STREPTOCOCCAL 
DISEASES AND THEIR CONTROL WITH ORALLY 
ADMINISTERED PENICILLIN 


STaNLEY H. BerNsTEIN, Caprain, USAF (MC),* Harry A. FELpMAN, M.D.,** 
O. F. Harper, Jr., Captain, USAF (MSC), W. H. KuIncensmitu, First 
LIEUTENANT, USAF (MSC), AND JEROME A. CANTOR, CAPTAIN, 

USAF (MC) 

Syracuse, N. Y. 


ROUP A streptococeal infections and their sequelae, rheumatic fever and 
acute glomerulonephritis, represent serious problems for the Armed Forces 
as well as for the civilian population. The former, consequently, long have 
been concerned with the development-of a method that would be suitable as 
a mass preventive of such infections. The advent of the present era of anti- 
bacterial agents renewed interest in the search for a streptococcal prophylactic 
that would be effective against all Group A streptococci, simple to administer, 
and free of serious toxicity when prescribed for large numbers of men. 

In 1942, Watson and associates! apparently were able to control a scarlet 
fever epidemic by employing sulfadiazine as a prophylactic agent. During 
World War II, the United States Navy conducted widespread field studies 
designed to evaluate the same drug as a mass prophylactic for streptococcal 
diseases. These experiences have been summarized by Coburn and Young,’ 
in an extensive report in which it was concluded that sulfadiazine could be 
effectively utilized for this purpose. A serious limitation of the value of sulfa- 
diazine became evident when streptococci resistant to the drug were detected 
in a number of locales.**® These strains were of Types 17, 19, and, to a lesser 
extent, 3. Johnson and Hartman” later described, from a civilian community, 
an epidemic which was caused by sulfadiazine-resistant Type 19 streptococci. 


These studies were conducted under the auspices of the Division of Preventive Medicine, 
United States Air Force, and with the support of the School of Aviation Medicine of the United 
States Air Force. 

Received for publication Dec. 7, 1953. 

*Project Officer, Epidemiological Detachment, assigned Sampson Air Force Base from 
Headquarters USAF. 

** Associate Professor of Medicine, State University of New York, Upstate Medical Center 
at Syracuse, and Consultant USAF Hospital, Sampson Air Force Base. Supported by a grant 
from the Masonic Foundation for Medical Research and Human Welfare. 
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In 1945, Bynoe and his associates"! conducted a study among members of 
the Royal Canadian Navy who had been hospitalized because of pharyngitis 
proved by culture to be caused by Group A streptococci. Penicillin was ad- 
ministered either intramuscularly or orally, and it was found that the exuda- 
tive pharyngitis responded promptly, and that the positive throat cultures 
were reversed by either method of penicillin administration. These authors 
suggested that orally administered penicillin might be an excellent prophy- 
lactic agent for streptococeal infections. 

Hamburger and Lemon” in the following year reported that 300,000 units 
of ealeium penicillin in beeswax peanut oil, administered intramuscularly 
daily for five to seven days, eradicated hemolytic streptococci from the noses 
and throats of one-half of a small group of carriers. Streptococei were re- 
duced in numbers or eliminated from the other half of this group, but their 
positive cultures recurred following the completion of the treatment period. 
It was demonstrated in the same study that 1 Gm. of sulfadiazine daily was 
quite effective in controlling streptococcus carriers unless there were sulfona- 
mide-resistant streptococci present, in which case penicillin could be efficacious. 

Limited field trials with penicillin as the sole prophylactic for strepto- 
coceal infections have been carried out among a number of military popula- 
tions during the past several years. In the study reported by Wannamaker 
and associates,'* it was found that oral doses of 500,000 or 1,000,000 units twice 
daily diminished the carrier and case rates provided that such treatment was 
maintained at least for ten days. Gastrointestinal disturbances were rather 
annoying with either of these dosages. The same authors reported also that 
250,000 units, orally, once daily for ten days was inadequate for prophylaxis. 
In a study to be published in detail elsewhere’ it was determined that 250,000 
units twice daily was not only effective in lowering the carrier and case rates 
but was also relatively nontoxic and easy to administer. 

In the present report a series of mass field trials in which the prophylactic 
value of orally-administered penicillin was evaluated in large numbers of 
Air Foree Recruits when Group A streptococcal diseases were present with 
considerable frequency will be described. Additional information concerning 
certain epidemiologic aspects of streptococcal diseases in a basic military train- 
ing center also will be presented. 

The project was conducted under the auspices of the Department of Pre- 
ventive Medicine of the Air Force and the School of Aviation Medicine among 
recruits stationed at the Sampson Air Force Base Recruit Training Center. 


METHODS AND MATERIALS 


The physical and geographical arrangements of recruit personnel within the troop 
training areas of Sampson Air Force Base were advantageous for investigations of a field 
trial nature. Recruits from the eastern and northeastern sectors of the United States 
were inducted into the Air Force at Sampson for twelve weeks of basic training prior to 
assignment elsewhere. Basic trainees, upon arrival, were formed into flights of 64 to 72 
men which were allocated, alternately, to one of the two large troop areas (Fig. 1). 
Trainees were acquired by and lost from each area to approximately the same extent 
throughout the study period. Group A streptococcal pharyngitis and scarlet fever were 
present in high and practically equal incidence in both troop areas. 
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Commercial, buffered tablets containing 250,000 units of crystalline penicillin G 
were administered twice daily (one hour before or two hours after breakfast and 
again at bedtime) to each man in a test area. Placebos were not used in the control 
population. In the first prophylaxis trial, the penicillin was administered to all recruits 
in Troop II (each troop contained approximately one-half of the recruits on the base) 
for a ten-day period while in the second, the same troop received the drug for five days. 
In the third trial, one-third of Troop I (D Area) was given penicillin for five days. Finally, 
the entire training base population received ten days of prophylactic penicillin treatment. 

The penicillin tablets were distributed by the flight instructors who had received 
appropriate indoctrination. Each recruit was questioned concerning previous penicillin 
sensitivity reactions and, if he had had such, he was not given the drug. Any man who 
developed a suggestive penicillin reaction was referred immediately to the Dermatology 
Section of the base hospital for further evaluation and treatment. 
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Fig. 1.—Troop area map of the Sampson Air Force Base. 


Beginning on Nov. 1, 1952, recruits who came to base dispensaries or sick call with 
oral temperatures of 100° F., or greater, and with symptoms of upper respiratory or pul- 
monary infections, were referred to the hospital for admission. Antimicrobial therapy was 
withheld until the patients arrived at their hospital beds, at which time their pharynges 
were swabbed; sheep’s blood agar plates were inoculated from these swabs within thirty 
minutes. 

A diagnosis of streptococcal disease was made if the patient had either sarlet fever, 
with or without a positive throat culture or exudative pharyngitis associated with a throat 
culture that was positive for Group A streptococci. The pharynx of each patient who 
had a positive throat culture was examined for exudate by one of two medical officers 
who were members of this unit. These criteria were rather stringent and it is not im- 
probable that the streptococcal disease rates would have been even higher had other 
standards been used. 

Pharyngeal streptococcal carrier surveys (on approximately 15 per cent samples) were 
performed among the entire recruit population at weekly intervals during each prophy- 
laxis trial, 
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Streptococcal typing* was carried out16 on a large sample of the strains which had 
been obtained from hospitalized cases and ambulant carriers, as well as with all streptococci 
isolated from patients with either rheumatic fever or acute glomerulonephritis. 


RESULTS 


Mass Oral Penicillin Prophylaxis Administered for a Ten-Day Period.— 
Streptococcal disease rates, as determined from hospital admissions, reached 
epidemic proportions during January, 1953 (Fig. 2). During the week of 
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Fig. 2.—Effect of ten days of orally administered penicillin (250,000 units b.id.) upon the 
rate of streptococcal disease in a recruit population.; 
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January 25, when the rates were 17 per thousand per week in Troop II and 
13 per thousand per week in Troop I, penicillin was administered for ten days 
to all recruits and the permanent part of Troop II. New flights assigned to 
Troop II during the ten-day prophylaxis period received similar treatment. 
Hospital admissions for streptococcal disease declined sharply within forty- 
eight hours after the penicillin was begun with the rates being lowered to 2 
per thousand per week in the first week and 1.5 per thousand per week in the 
following week. Although the streptococcal disease rate remained high in 
Troop I (control), that of Troop I remained low for the five to six weeks 
following the treatment period. 

Mass Oral Penicillin Prophylaxis Administered for a Five-Day Period.— 
Since the streptococcal disease hospital admission rates were again at signifi- 


*The streptococcal grouping and typing sera were obtained from Dr. Elaine Updyke, 
Communicable Diseases Center, Department of Public Health, Education and Welfare, Cham- 
blee, Ga. Antisera for Types 1, 2, 3, 4, 5, 6, 11, 12, 13, 14, 15, 17, 18, 19, 22, 23, 24, 26, 27, 
28, 29, 30, 31, 32, 33, 36, 37, 38, 39, 40, 41, 42, 43, 44, 46, 47 were available for this project. 

+Data in Figs. 2, 5, and 7 also appeared in an article by Bernstein, Feldman, Harper, 
and Klingensmith, in the June, 1954, A.M.A. Arch, Int. Med. 
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cant levels in both troops in the first week of March, 1953, another trial was 
initiated in which all Troop II recruits received the penicillin for five days 
(Fig. 3). There was an immediate, sharp decrease in disease incidence in this 
troop which was maintained, essentially, only during the period of penicillin 
administration. Three weeks after the cessation of prophylaxis, Troop II 
again had an elevated streptococcal disease rate. 
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Fig. 3.—Effect of five days of orally administered penicillin (250,000 units b.i.d.) upon the 
rate of streptococcal disease in a recruit population. 


Mass Oral Penicillin Prophylaxis Administered to One-Third of Troop I 
for a Five-Day Period.—During February, 1953, penicillin was administered to 
one-third of Troop I in order to determine the extent to which treatment of 
part of a troop would affect the streptococcal disease rate of the entire troop. 
Recruits assigned to Area A of Troop I received the drug and there was an 
immediate decrease in streptococcal infections. Members of Area C (un- 
treated) also had a decrease in disease rate, but their counterpart, Area E, 
maintained a high disease rate despite the intermingling of men from all three 
areas. With the conclusion of the five-day treatment period, the rates promptly 
returned to epidemic levels (Fig. 4). 

Mass Oral Penicillin Prophylaxis Administered to an Entire Trainee Pop- 
ulation for Ten Days.—In the third week of April, 1953, streptococcal disease 
rates again being epidemic in both troops, oral penicillin prophylaxis was in- 
stituted for ten days among all members of the base trainee population (Fig. 
5). The result was similar to that previously observed during the similar trial 
in Troop II, in that the disease rate promptly declined to less than one per 
thousand per week for all recruits. 

In order to gain additional information, all new flights subsequently as- 
signed to Troop II were treated for ten days with the same dose of penicillin, 
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Fig. 4.—Effect upon the streptococcal disease rates of administering peniciliin (250,000 units 
b.i.d., orally) to one-third of a troop for five days. 
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units b.i.d.) for ten days to the entire base population followed by similar treatment of each 
new recruit entering one troop area. 





J. Lab. & Clin. Med. 
































Volume 44 STREPTOCOCCAL DISEASES: CONTROL WITH PENICILLIN 


Number | 


=I 


while those entering Troop I were not. Somewhat inconclusive results were 
noted in this portion of the study (Fig. 5), for the weekly streptococcal disease 
rates of Troop II, during the period of administration of the drug to incoming 
recruits, were lower than those of Troop I, but a statistically significant dif- 
ference was not noted in each week. The sharp increase in rate (Fig. 5) noted 
during the fifth week after this program had been initiated probably represents 
hospital admissions for streptococcal diseases among men who had received 
prophylaxis five weeks previously. No admissions were noted from among 
the new men undergoing prophylaxis. This type of study should be repeated 
at a time when the incidence of streptococcal diseases is greater so that this 
system of prophylaxis may be evaluated with greater certainty. 
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Fig. 6.—Effects upon streptococcal disease rates of penicillin orally administered (250,000 
units b.i.d.) for varying lengths of time to Air Force recruit populations. 

All of the penicillin prophylaxis studies described previously are sum- 
marized compositely in Fig. 6. The total numbers of hospital admissions for 
streptococcal diseases among the recruit populations studied were as follows: 
Troop I, 1,188 cases, Troop II, 667 cases; 700 (37 per cent) of these 1,855 cases 
were diagnosed as having scarlet fever. The various trials apparently pre- 
vented about 500 cases of streptococcal disease in Troop II. Since the usual 
patient spends five days in the hospital, approximately 2,500 man hospital days 
were prevented during the first three trials. The effectiveness of the last trial 
in this regard cannot be caleulated, but it evidently was not inconsiderable. 

As mentioned previously, carrier surveys (Fig. 7) were carried out during 
the various study periods. Both the hospital admissions rates for strepto- 
coceal diseases and the percentages of positive cultures obtained from the 
throats of apparently healthy trainees were affected similarly by the various 
penicillin regimens. 
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Streptococcal Types.—Tables I and II show the distribution of Group A 
streptococcal types which were isolated from the hospitalized cases and during 
the carrier surveys. It is apparent that Type 3 was predominant in both in- 
stances and that Types 12, 42, and 28 were the most frequent subordinate types. 
Despite the several mass penicillin trials, Type 3 maintained its dominant po- 
sition throughout the seasori, which might indicate that recruits who enter a 
military installation during an epidemic streptococcal period acquire the strep- 
tococcus which is predominant in the camp, rather than introducing new types. 
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coccal carrier rates. 


Sensitivity Reactions to Orally Administered Penicillin—The number of 
individuals with histories of previous penicillin sensitivity reactions was re- 
markably similar to the number of recruits who manifested such reactions 
during the various prophylaxis trials. Although this information will be re- 
ported in detail elsewhere,'’ some of the data are summarized in Table III. 
Of the 33,827 men who received penicillin prophylaxis, 90 (0.3 per cent) had 
reactions. Urticaria occurred in 43 of these 90 men and 19 had a serum-sick- 
ness-like disease. Among the latter, eight required ACTH or cortisone for 
relief of symptoms. It is interesting that Gezon and associates'* encountered 
a similar incidence of sensitivity reactions to penicillin orally administered in 
dosage of 125,000 units daily to Naval recruits. These authors gave the peni- 
cillin for about one month and it is not evident whether this smaller dose 
would have resulted in fewer reactions had the period of exposure been only 
ten days. Consequently, it is not possible to state whether, in short courses, 
the larger dose reported herein is any more likely to produce sensitivity re- 
actions. 

Diarrhea, which was reported as a toxie reaction by Wannamaker and as- 
sociates’® following daily oral doses of one to two million units, was not en- 
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TABLE I. DISTRIBUTION OF STREPTOCOCCAL TYPES AMONG HOSPITALIZED CASES OF 
STREPTOCOCCAL PHARYNGITIS 


























TYPE NO. PER CENT i PER CENT PER CENT 
7 1.3 2 1.0 1.2 
1 0.2 0 0.0 0.1 
347 66.2 3 68.5 66.9 
1 0.2 1 0.5 0.3 
36 6.9 Th 3.6 6.0 
2a 4.4 3 LS 3.6 
2 0.4 0 0.0 0.3 
2 0.4 3 1.5 0.7 
8 LS 2 1.0 1.4 
3 0.6 0 0.0 0.4 
27 5.2 11 5.6 5.3 
0 0.0 1 0.5 0.1 
6 ea 3 LS 1.2 
0 0.0 1 0.5 0.1 
l 02 0) 0.0 0.1 
5 1.0 0 0.0 0.7 
1] 2.1 ) 3.0 2.4 
30 Det 6.1 5.8 
12 rp 3.6 2.6 
1 0.2 0.0 0.1 
Nontypable 1 0.2 1.5 0.6 
Total 524 100 100 100 
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COMPARATIVE INCIDENCES OF STREPTOCOCCAL TYPES AMONG CARRIERS AND 
HOSPITALIZED CASES 
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HOSPITALIZED 
TYPE NO. PER CENT 

] 12 1 0.2 

2 0.1 0 0.0 

3 66.9 313 58.0 

4 0.3 0 0.0 
12 6.0 Sql a By | 
14 3.6 24 4.4 
ibys 0.3 0 0.0 
19 0.7 0 0.0 
2% 0.0 1 0.2 
24 1.4 2 0.4 
26 0.4 0 0.0 
28 5.3 62 iS 
29 0.1 0 0.0 
30 0.0 1 0.2 
36 i Ee. 1 0.2 
37 0.1 0 0.0 
39 0.1 0 0.0 
40 O87 1 0.2 
4] 2.4 0 0.0 
42 5.8 53 9.8 
43 2.6 4] 7.6 
44 0.1 0 0.0 
47 0.0 1 0.2 
Nontypable 0.6 8 1.5 

Total 540 
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countered with the daily 500,000 units employed by us. As might have been 
expected in a study which was conducted during cool weather, there were no 
obvious exacerbations of epidermatophytosis. 

All trainees who were hospitalized because of streptococcal diseases and 
who had not received prophylaxis during the epidemic period, January to 
March, 1953, were investigated as to how long they had been in training (Fig. 
8) before their first symptoms of streptococeal illness appeared. The majority 
of men became ill between the second and fifth weeks of training, which sug- 
gests that recruits could be carried through the ten- to twelve-week training 
period without major streptococeal difficulties if penicillin prophylaxis were 
provided both in the second and fifth weeks. 
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WEEK OF RECRUIT TRAINING 





Fig. 8.—Time of onset of Group A streptococcal pharyngitis in relation to the week of training. 


Nine eases of acute glomerulonephritis were detected during the season 
in which the present prophylaxis studies were conducted. As is shown in 
Table IV, six of these patients had throat cultures positive for Type 12 strepto- 
coeci when admitted to the hospital. This is especially interesting since Type 
3 occurred eleven times more often than Type 12 during this season, which 
supports the observations of Rammelkamp and Weaver?’ and Wertheim and 
his colleagues”® that Type 12 is particularly prone to precipitate acute glom- 
erulonephritis. 

DISCUSSION 


From the data which have been presented, it appears that crystalline, buf- 
fered penicillin G, administered orally in a dosage of 250,000 units twice daily, 
is an effective mass prophylactic against the Group A streptococcus provided 
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TABLE III. INCIDENCE OF SENSITIVITY REACTIONS TO ORAL PENICILLIN COMPARED WITH THE 
INCIDENCE (BY HISTORY) OF PREVIOUS REACTIONS IN THE SAME POPULATION 

















PENICILLIN HISTORY OF PREVIOUS PENICILLIN 
DAYS OF REACTIONS REACTION (EXCUSED FROM STUDY) 
TRIAL TREATMENT* PER CENT PER CENT 
1 10 0.60 0.70 
2 5 0.30 0.30 
3 ) 0.10 0.20 
4 10 0.20 0.40 





*250,000 units b.i.d. 

Of the 33,827 men who received oral penicillin in these trials, 90 (0.3 per cent) had 
sensitivity reactions and 124 (0.4 per cent) were not given the drug because of histories of 
previous sensitivity reactions. 


TABLE ITV. PREVALENCE OF TYPE 12 STREPTOCOCCI IN THROAT CULTURES OF PATIENTS WITH 
ACUTE GLOMERULONEPHRITIS 











PATIENT | ADMISSION CULTURE | STREPT. TYPE 
J. W. Positive 12 
W.S. Positive 12 
R. BK, Positive 12 
W. D. Positive 12 
S. G. Positive 12 
A. P. Positive 12 
R. H. Negative — 

E. S. Negative — 
Je Negative as 





that such treatment is continued for ten days. It is interesting that this pro- 
longed period of treatment is necessary even when the daily penicillin dose is 
doubled or quadrupled as was reported by Wannamaker and associates.** The 
ten-day schedule not only stopped the streptococcal disease epidemic, but also 
reduced the incidence of Group A streptococeal pharyngeal carriers markedly 
for about six weeks, while five days of such penicillin treatment had a sup- 
pressive effect for only two to three weeks. The treatment of one-third of a 
large population reduced the over-all incidence of streptococcal disease in the 
entire population, but the end result was poor. It is possible that if this treat- 
ment period had been ten days in length, the effect would have been more note- 
worthy. When prophylaxis was administered to the total base personnel, it 
was very effective in aborting a streptococcal disease epidemic, but this trial 
was conducted too late in the season to determine the duration of the effect of 
such base-wide treatment. 


The streptococeal types responsible for disease remained constant among 
hospitalized cases of streptococeal pharyngitis, which seems to support the 
thesis that under the conditions of these trials, the strains responsible for the 
epidemics were suppressed but not eliminated by the penicillin prophylaxis. 
Since the immediate result of each successive exhibition of penicillin was simi- 
lar, it appears unlikely that the sensitivity to penicillin of these strains was 
altered. 

The last study, in which all new recruits entering one troop area received 
the same prophylaxis which the entire base had already received, is of special 
interest. Although the epidemic year had probably ended, the carrier rates 
were apparently similar in both troops during this period, but a definite trend 
toward a lower rate of disease was noted in the troop whose incoming recruits 
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were being treated. This particular trial parallels a previous study by one of 
us (H. A. F.) in which a meningococeal meningitis epidemic was controlled by 
first administering sulfadiazine to the total military population and then pro- 
viding similar treatment for all new inductees entering the area.’® The me- 
ningococeal problem, however, is somewhat simpler in that epidemics are 
caused by only one serologic type which is readily eradicated by sulfonamides. 
Once the organism has been eliminated from a given population, then the prob- 
lem becomes one of preventing its reintroduction by new recruits. In our 
experiences, as reported herein, it is apparent that even after ten days of peni- 
cillin, the streptococci responsible for the epidemic had not been totally elimi- 
nated and, consequently, they remained as a threat to the new recruits, which 
is the reverse of the meningococeal situation. 

There were twenty cases of acute rheumatic fever admitted to this Base 
Hospital during the study period; all were recruit trainees. Seven of these 
had had previous admissions for respiratory infections. Three of the seven 
had had a Type 3 streptococcus isolated at the time of the previous respiratory 
infection. Eight of the twenty had histories of childhood rheumatic fever. 
It would appear that men who are inducted into the Armed Forces with his- 
tories of previous rheumatie fever might well be maintained on continuous 
penicillin prophylaxis, at least when serving at bases with high endemic strep- 
tococcal disease rates. 

SUMMARY AND CONCLUSIONS 


Mass prophylaxis with oral penicillin in dosage of 250,000 units twice 
daily for ten days suppressed hospital admissions for streptococcal disease 
markedly for as long as six weeks. Similar treatment for a five-day period 
was noticeably less effective. Similar effects were noted in carrier surveys of 
the associated well recruit populations. 

Serologic types isolated from both hospitalized cases and carriers revealed 
a predominance of Type 3 streptococci throughout the study period; Types 12, 
42, and 28 were present to a lesser extent. 

Sensitivity reactions from the oral penicillin were infrequent (0.5 per 
cent) and mild. 

Type 12 streptococci were isolated from the six of nine cases of acute 
glomerulonephritis who had positive throat cultures. 

Recruits were prone to acquire streptococeal infections during the second 
and fifth weeks of a ten- to twelve-week basic training period. 

The cooperation and support of Major General Richard C, Lindsay, Base Commander; 
Lt. Col. J. R. Patterson, Group Commander; Major W. T. Downey and Major W. R. Camp- 
bell, Jr., Troop Commanders, and the personnel.of the 3650th Military Training Wing are 
acknowledged gratefully. We are indebted to Col. J. R. Copenhaver, Commandant, Base 
Hospital, Col. J. Tobin, Chief, Medical Service, Col. C. Z. Berry, Chief, Professional Serv- 
ices, and the personnel of the USAF Hospital, Sampson AFB, for their aid. It is a pleasure 
to acknowledge the organizational help and constructive criticism of Col. Fratis L. Duff, 
USAF (MC), Chief, Division of Preventive Medicine, USAF. We wish also to thank 
Lt. Col. H. V. Ellingson for his aid, and the USAF School of Aviation Medicine for its 
financial support. 
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We are indebted, also, to The Armed Forces Epidemiological Board for certain in- 
formation which was of aid in the planning of this study. 

Finally, an expression of our deepest appreciation to: T/Sgt. R. Stafford, T/Sgt. J. 
Briley, T/Sgt. T. Remgon, T/Sgt. M. Coogan, S/Sgt. P. Lange, S/Sgt. C. Cummings, and 
Airmen Nelson, Bell, Vining, Moerschell, Cappetta, Simonds, Madore, Gentsch, and Sikes, 
members of the Epidemiological Detachment, 1141st Medical Services Squadron USAF. 
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BACTERIOPHAGE TYPING OF STAPHYLOCOCCI 
I. TECHNIQUE AND PATTERNS OF LysIS 


GEORGE GEE JACKSON, M.D., Harry F. Dow.ine, M.D., AND 
Mark H. LeEppeEr, M.D. 
CuHIcaGo, ILL. 


DVANCEMENT in the investigation of clinical infections with Micrococcus 

pyogenes has been seriously impeded by the lack of a satisfactory method of 
identifying specific strains. The ubiquitous distribution of the species and the 
high carrier rate among well persons have exaggerated the disadvantage of 
being unable to type staphylococci. A few tests based upon hemolysis, pigment, 
and coagulase production have served to distinguish broad groups among the 
species and to indicate virulence or potential virulence of the strain, but they 
have little information as to the identity of individual strains. 

Within the past few years, methods of identifying staphylococci according 
to their susceptibility to groups of bacteriophages have been developed by 
Burnet and Lush,' Williams and Timmins,’ Fisk,*> Wilson and Atkinson,® and 
others, and are beginning to be employed extensively in a number of labora- 
tories, especially in England, Australia, and Canada. 

Bacteriophage typing of staphylococci was begun in our laboratory in 1951 
as an aid in the epidemiologic observations upon infections of the respiratory 
tract and in the study of antibiotic resistant strains of staphylococci. In the 
present publication, an analysis of the results obtained in testing 2,085 strains 
of staphylococci isolated from 795 persons by means of twenty phages will be 
presented, along with the technique employed, and the patterns observed, among 
the phages which were used. 


MATERIALS AND METHODS 


Isolation of the Bacterial Strains.—The principal portion of the study was conducted 
on the wards of the Chicago Municipal Contagious Disease Hospital. Nose and throat 
cultures were obtained at the time of hospital admission from every second, third, or 
fourth patient, depending on the rate of admissions and regardless of the clinical diagnosis. 
Strains of M. pyogenes were isolated in pure culture from a streak-plate containing 6 per 
cent human blood agar. Subsequent cultures were obtained from the patients approxi- 
mately two times a week until they were discharged from the hospital. All of the house- 
hold contacts of the patient who would permit the taking of cultures were studied prior 
to the release of the patient. Additional cultures were obtained from both the patient and 
his household contacts, two, six, and ten to twelve weeks after the patient had been dis- 
charged from the hospital, when this was possible.? No cultures were taken from house- 
hold contacts or patients beyond discharge from the hospital after May, 1952. During the 
entire period of the study, a large majority of the hospital personnel, comprising approxi- 
mately one hundred persons, had nose and throat cultures taken at monthly intervals. 


From the Department of Medicine, Research and Educational Hospitals, and Chicago 
Municipal Contagious Disease Hospital, University of Illinois College of Medicine, Chicago, III. 


Received for publication April 1, 1954. 


14 





























Volume 44 BACTERIOPHAGE TYPING OF STAPHYLOCOCCI 15 


Number | 


Additional strains of M. pyogenes were obtained from other patients with suppurative 
illnesses of staphylococcie etiology, as well as from patients with similar illnesses at the 
University of Illinois Research and Educational Hospitals.* 

In 1953, thirty-nine strains of M. pyogenes isolated from the stools of patients at the 
Mayo Clinic with staphylococcie enteritis were furnished by Dr. W. H. Heilman, and, in 
addition, thirty-five strains isolated concomitantly from sources other than the colon of 
patients at the same institution. 

Dr. Maxwell Finland provided a similar group of thirty-five strains isolated from the 
stools and seventy-five strains isolated from the respiratory tract of patients at the 
Boston City Hospital. 

Fifteen antibiotic-resistant strains of M. pyogenes were supplied by Dr. Ernest Jawetz 
from patients at the University of California Hospital. 

~ Coagulase tests were performed by the method of Fisk.s The substrate used was a 
1:10 dilution of fresh rabbit plasma. 

- Alpha hemolysin tests were performed by the method of MacFarlan.9 A titer of 1:10 
or greater was considered positive, and a lower titer was considered doubtful. 

The Identity of the Phages.—Strains of staphylococci often carry a_ bacteriophage 
which is not lysogenic for the carrier-strain.s A technique for the isolation of these 
bacteriophages has been given in detail in the publications of Fisk.3-5 A large number of 
such phages have been isolated and propagated by the British workers who have been 
prominent in the advancement of this technique.1° The phages have been classified by 
these investigators, according to their reaction patterns, into three broad groups plus 
certain unclassified phages.11 The identity of the phages by the laboratory numbers is 
shown by the grid in Table I.t Three Group I phages which were used were 29, 31, and 52. 
Three Group II phages are designated 34, 3C, and 51. Eight phages were used from Broad 
Group III. They were 6, 7, 42B, 47, 47B, 47C, 53, and 54. The miscellaneous phages were 
W, 977, 1272, 1791, 971, and 47A. Among the latter group, the first four consist of the W 
phage, which was isolated by Colbeck12 from an epidemic of staphylococcic infections among 
infants, and three strains adapted from the W phage. It is apparent that they have great 
similarity, if, indeed, they are not identical. 





Propagation of the Phages.—Kach of the phages has been propagated by means of a 
standard phage-susceptible strain of M. pyogenes. The propagating strain and phage have 
been paired in Table I. A semisolid agar medium was used for propagation. Among a num- 
ber of modifications of the method which were tried, the agar layer method described by 
Swanstrom and Adams13 was found most satisfactory. 

The base layer of medium which was poured into the Petri plate was composed of 1.5 
per cent nutrient agar adjusted to a pH of 8.0. The plate was incubated overnight at 37° C. 
to dry the agar and to assure sterility. The surface layer was prepared by placing 0.1 ml. of a 
four-hour nutrient broth culture of the propagating strain into 2.5 ml. of molten 0.8 per cent 
nutrient agar adjusted to pH 8.0, and adding 0.1 ml. of stock phage. The tube was gently 
mixed and poured over the base agar plate. After sixteen to eighteen hours’ incubation at 
30° C., the plate was flooded with 5 ml. of nutrient broth and the surface agar scraped free 
with the tip of a pipette. The harvests from several Petri plates were transferred to a test 
tube and centrifuged at high speed. The supernate was aspirated and the phage titer 
determined by testing serial log-dilutions against the propagating strain. A typical titration 
is shown in Fig. 1. The greatest dilution which produced complete confluent lysis, 10-7 in 
the figure shown, was designated the critical test dose (C. T. D.). For most of the phages 
used, the C. T. D. was observed at 10-4 to 10-6 dilution. When the initial propagation yielded 
low phage titers, serial propagation was performed, the harvest from the preceding generation 
being used each time for the infecting inoculum. When a satisfactory titer was obtained, the 


; *The cooperation of Mary Turner, Elizabeth Pond, and Dorothy Powers of the Clinical 
3acteriology Laboratory in the isolation of cultures is gratefully acknowledged. 

+The phages used in the observations to be reported were kindly furnished with their 
propagating strains by Dr. G. B. Leyton, former Director of Laboratory Services, Bacterio- 
logical Laboratory, Department of Health and Public Welfare, Winnipeg, Manitoba, Canada. 
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supernate was centrifuged until clear or filtered through a sintered glass filter and stored in 
stoppered vials at 4° C. Under these conditions, the phages showed no appreciable decrease 
in the titer after they had been stored for four to six weeks. Some phages have retained 
their titers after storage for three to six months. When the titer of the stock phage decreased 
more than one tenfold dilution, the phage was repropagated. 





Fig. 1.—Titration of phage by means of serial tenfold dilutions. (Numbers indicate the 
reciprocals of the log-dilutions.) The critical test dose (C.T.D.) is 10-7, ie., the highest 
dilution which will produce confluent lysis of a standard strain. 
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Fig. 2.—Format for bacteriophage testing of staphylococci. (The heavy lines separating the 
groups do not appear on the outline which is stamped on the Petri plate.) 


Typing of Unknown Strains.—In the phage typing of unknown strains of M. pyogenes, 
a concentration of phage ten times greater than the critical test dose was used. This was 
designated the routine test dose (R. T. D.). The technique was adapted from that of Williams 
and Rippon.11 Petri plates were prepared with the test medium, which consisted of 0.9 per 
cent nutrient agar adjusted to pH 8.0. The plates were then incubated overnight at 37° C. 
One milliliter of an overnight culture of the unknown strain in nutrient broth or tryptose 
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phosphate broth was flooded over the surface of the plate and the excess fluid aspirated. The 
plates were then placed back in the incubator with lids ajar for thirty minutes. The bottom 
of each plate had previously been marked with an indelible stamp which divided the plate into 
twenty squares, as illustrated in Fig. 2. When the surface of the plate was sufficiently dry, 
one drop of R. T. D. of each phage was delivered to the appropriate area from a 27-gauge 
hypodermic needle attached to a tuberculin syringe held in a horizontal position. Care was 





Fig. 3.—Bacteriophage patterns of two strains of M. pyogenes which illustrate varying 
degrees of lysis. On the left-hand plate, lysis from phage 3A is 2+, and that with 8C_and 51 
is 4+. On the right-hand plate lysis is 4+ except with phage 42B (3+), 971 (2+), and a few 
individual plaques (1+) with phages W, 977, and 1791. Only lytic reactions of 2+ or greater 
were considered significant. 


taken to avoid the tip of the needle contacting the agar surface of the plate. When all the 
phages had been spotted and had dried sufficiently, the plates were inverted and incubated 
at 30° C. overnight. Lysis was determined with the aid of an indirect bright light and a dark 
background. The results were recorded according to a 0 to 4+ scale, as follows: 4+ = com- 
plete confluent lysis, 3+ = confluent lysis with islands of growth, 2+ = more than fifty 
individual plaques of lysis, 1+ = less than fifty individual plaques, and 0 when no lysis was 
observed. These different degrees of lysis may be observed in Fig. 3. A strong reaction was 
considered 2+ or greater, and only strong reactions have been considered in the data presented. 
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RESULTS 


Two thousand eighty-five strains of M. pyogenes isolated from 795 persons 
were tested with twenty staphylococcic bacteriophages. The anatomic source 
and the phage reaction of the strains are given in Table II. Five hundred 
forty-one strains showed strong lysis with one or more of the phages. This 
represents only 26 per cent of those tested. As indicated, one-quarter of the 
strains were coagulase-negative. If the coagulase-positive strains alone are con- 
sidered, 35.2 per cent of the strains were lysed by one or more phages. It is 
apparent that the relatively low percentage of reacting strains is because of the 
large number which were obtained from the respiratory tract, particularly from 
the nose. Among the strains isolated from the stool, or from suppurative lesions, 
the proportion of strains lysed by one or more phages ranged from 52 to 67 
per cent. 


TABLE IT. SUSCEPTIBILITY OF STAPHYLOCOCCI FROM 795 PERSONS TO TWENTY BACTERIOPHAGES 




















| NUMBER NUMBER OF PER CENT OF STRAINS 
OF STRAINS PHAGE REACTION PHAGE TYPED 
STRAINS COAGULASE- STRONG WEAK OR COAGULASE- 
SOURCE TESTED POSITIVE LYSIS NO LYSIS TOTAL POSITIVE 
Nose 1,276 834 241 1,035 19 29 
Throat 557 459 178 379 32 39 
Respiratory tract 76 76 30 46 40 40 
unclassified* 
Stool 70 69 40 30 57 58 
Osteomyelitis, wound 70 70 36 34 52 52 
Abseess or skin 6 6 4 2 67 67 
Blood and bone 12 6 4 8 33 67 
marrow 
Others t a 3 2 1 67 67 
Unknown 1S al 6 40 46 
Total 2,085 1,536 541 1,544 26 35.2 





*Principally sputum. 
yOne strain each from urine, cerebrospinal fluid, and discharge from the eye. 


The relationship of phage susceptibility to coagulase and alphahemolysin 
production is presented in Table III. While approximately one-third of the 
coagulase-positive strains showed strong lysis when exposed to phages, only 
a single coagulase-negative strain showed strong lysis. An attempt to correlate 
phage reaction with virulence, however (as measured by the production of 
alpha-hemolysin) indicated only a trend in the direction of more strains being 
typable when the alpha-hemolysin test was positive, and no clear separation be- 
tween a positive and negative result. , 


TABLE III. THE ASSOCIATION OF PHAGE REACTION OF STAPHYLOCOCCI AND IN VITRO 
TESTS FOR VIRULENCE 














TOTAL NUMBER PHAGE REACTION 
OF STRAINS STRONG LYSIS WEAK OR NO LYSIS 

Coagulase test 

Positive 1,536 540 996 

Negative 549 1 548 
Alpha-hemolysin 

Positive 90 51 39 

Doubtful 34 19 15 


Negative 39 10 29 
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Among the 541 typable strains, 129 different reaction patterns were ob- 
served (Table IV). Two-thirds of the strains showed reaction patterns within 
the Phage Groups I, II, III, and Miscellaneous. In addition, four mixed groups 
were recognized. There were I-III, III-M, I-III-M, and I-IIJ-III+M. Among 
the mixed groups, only the two former groups were represented by a significant 
number of strains. Nearly one-half of the typable strains gave patterns which 
were within Broad Phage Group III. While fifty-one individual patterns were 
observed among 259 strains in this group, 42.5 per cent of the strains were rep- 
resented by the patterns 7/53 and 53. The Mixed Phage Group I-III was the 
next most common, and included 17.2 per cent of the strains in twelve patterns. 
Slightly more than one-half of these strains were of a single pattern, 52/42B/ 
47C. Fourteen and two-tenths per cent of the strains reacted within Phage 
Group I. The predominant pattern was 52. Mixed Group III-M differentiated 
12.8 per cent of the strains and included forty individual patterns. The re- 
maining phage groups each reacted with less than 5 per cent of the typable 
strains. 

TABLE IV. DISTRIBUTION AND PATTERNS OF BACTERIOPHAGE SUSCEPTIBLE STRAINS 

OF Staphylococci 








l l PREDOMINANT TYPE 
NUMBER OF | PER CENT 





TYPABLE STRAINS 

















PHAGE GROUP | NUMBER | PER CENT PATTERNS PATTERN | OF GROUP 
Group I = vnihi 
29/31/52 77 14.2 5 52 87.0 
29 7.8 
Group II 
3A/3C/51 23 4,2 6 3C 56.5 
51 13.0 
Group III 
6/7/42B/47/47B 259 47.9 51 7/53 21.6 
47C/53/54 53 20.9 
47/54 5.6 
47/53 4.1 
o4 4.1 
Miscellaneous 
47A/W/977/1272 1] 2.0 6 97] 27.3 
1791/97] W/977/1272/1791 27.3 
1272 18.2 
Mixed Groups 
I-11] 93 17.2 12 52/42B/47C 52.7 
52/47C 16.1 
52/42B 11.8 
ITI-M 69 12.8 40 7/47/53/54/971 26.0 
54/971 5.8 
. 47/53/54/971 5.8 
I-ITI-M 7 7 
[-1T-11J+M 2 0.4 2 29/3A/42B/53 
29/51/54/971 
Total 541 100.0 129 





Table V indicates the frequency of cross reactions among phages from all 
groups for individual strains of M. pyogenes. One hundred ninety-seven 
strains were strongly lysed by a single bacteriophage, while 157 were strongly 
lysed by two phages, 101 by three, and the remaining 86 strains by four or more 
phages. Strains which were lysed by the phages in Groups I and II, except 
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31, were lysed only by these phages as frequently or more often than by any 
pattern of phages. Group II phages especially were limited in the breadth of 
their interactions. In contrast, the strains which were lysed by the phages of 
Groups III and M commonly were susceptible to other phages. 


TABLE V. IDENTITY AND SPECIFICITY OF STAPHYLOCOCCIC BACTERIOPHAGES AMONG 
541 UNKNOWN STRAINS OF M. Pyogenes 























NUMBER OF 

PHAGE STRAINS LYSED By| TOTAL NUMBER OF LYSOGENIC PHAGES PER STRAIN 
GROUP | NUMBER | THE GIVEN PHAGE 1|/2{3]4{5]6|7 | 8| 9 {13| 14 
1 29 19 Oo 4 EF Ss. fOr 0 1 Or “Fr 0 
31 7 Oo 2 fF 2 ft 00 OC Oo OO ££ 

52 164 of cl oe 0 I tf 0 4 Oh tr a 

II 3A 6 a see el Oe OP Oe Oe Ge 6 
3C 18 foo d= 208 0b c0P 0) 08 20 Oe 26 

51 7 oe 1 to so 0 3 0G 6 

II] 6 42 me 6©€ € 3@ @ 2 YT OG YY 
7 146 li @ 2 Was42?24i1iédéii 

42B 100 GO dse«0 3 od 3d 4 oO FTF £ A 

au 131 S ga: go 2a go 4% GO os 2b oF 

47B 34 28 fe ee ee By de) Od 

47C 103 Bd JO 2) 2. oo 2 £ £ 21 

d3 234 a0 8 27 2127 ¢ 4 4 21 «21 «41 

o4 127 11 24 22 21 30 6 6 4 1 1 #1 

M 17 0 ee ee Oo ec & & Oo 
W 19 > @ 2 *@ @ © 2 4 @ ff FY 

977 10 OF 0% 20" oS oe be ae AOS ed 

1,272 19 » *# 24 © 2 2 3.2 2S 

1,791 13 eS Me Ce. me BR. 4 ee 

971 70 ot  f A 2s 45 2 © tA 

Total number of strains 197 157 101 31 338 8 6 5 1 1 1 





The patterns of association of lysogenic reactions of Group I phages with 
the other specific phages are demonstrated in Fig. 4. It is apparent that 29 
and 37 react principally with one another. Indeed, in these studies 31 was never 
lysogenic for a strain which was not also lysed by 29. Both phages were lyso- 
genic occasionally, however, with all the other phages except those in Group II 
and 47A and 47B. Phage 52 was not lysogenic in association with the other 
(iroup I phages, but was essentially confined to association with 42B and 47C. 

The lysogenic associations of Group II phages are shown in Fig. 5. With 
few exceptions, the association is restricted to other members of the group. 

The lysogenic patterns for each of the Group III phages is shown graph- 
ically in Fig. 6. Certain characteristic patterns are immediately evident. These 
are 6/47/53, 7/53, 52/42B/47C, 47/53/54, and 7/47/53/54. There are many 
minor variations, however, produced by association with other phages within 
Groups ITI, I, and M. 

Among the miscellaneous group of phages, Fig. 7, there is frequent asso- 
ciation one with another except in the case of phages 971 and 47A. The latter 
failed to be strongly lysogenic for a single unknown strain of staphylococcus. 
Patterns of the Group M phages were primarily with Group III, but also quite 
frequently associated with Group I phages. 

The variation in bacteriophage pattern introduced by storing strains of 
M. pyogenes, either by refrigeration or serial transfer in broth medium, and 
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Association of Lysogenic Reactions 
of Group I Staphylococcic Bacteriophages 
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Fig. 4.—Association of lysogenic reactions of Group I staphylococcic bacteriophages. 
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Fig. 5.—Association of lysogenic reactions of Group II staphylococcic bacteriophages. 
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Association of lysogenic reactions of Group III staphylococcic bacteriophages. 


Fig. 6. 
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in addition, the influence of different technicians and different lots of phage 
harvest, is presented in the left-hand column of Table VI. The variance among 
different colonies and different subcultures of the same strain is given in the 
center column of the table, and the influence of a concentrated inoculum of 
phage is compared with the results obtained using the critical test dose in the 
right-hand partition of the table. 


Association of Lysogenic Reactions of a 
Miscellaneous Group of Staphylococcic Bacteriophages 
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phages. 


Only 40 per cent of the strains tested with the R.T.D. of phage at differ- 
ent times had identical lysogenic patterns, but two-thirds differed by one phage 
or less in the same broad phage group. Approximately 25 per cent of the 
strains differed by more than a single phage reaction within one phage group. 
Lysis by a phage in a different group was observed upon retesting 3.7 per cent 
of strains, and 3.8 per cent of strains had become untypable with the R.T.D. 
of phage. Lytic patterns among different individual colonies from a single 
strain were identical more than two-thirds of the time, and 98.3 per cent 
reacted within the same broad phage group. The use of a concentrated suspen- 
sion of phage compared with the C.T.D. in the testing of unknown strains 
inereased the number of typable strains 51 per cent, and produced lysis in 
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TABLE VI. REPRODUCIBILITY OF THE BACTERIOPHAGE PATTERNS OF STRAINS MAINTAINED IN 
ARTIFICIAL MEDIUM, THE VARIABILITY AMONG DIFFERENT COLONIES, AND DIFFERENCES 
IN THE SUSCEPTIBILITY OF STRAINS TO DIFFERENT CONCENTRATIONS OF PHAGE 
































REPEAT TEST COMPARISON SAME 
REPEAT TEST SAME CULTURE CULTURE 
SAME CULTURE DIFFERENT C.T. D. VS. UN- 
DIFFERENT TIMES* COLONIES t DILUTED PHAGE} 
PER CENT PER CENT PER CENT 
OF OF OF 
PHAGE REACTION NO. SUBTOTAL NO. SUBTOTAL NO. SUBTOTAL 
Lysogenic Strains 
Identical 43 40.6 79 68.1 16 16.0 
Identical 
+ 1 phage same group 28 26.4 26 22.4 1] 11.0 
Varied 27 25.5 9 7.8 19 19.0 
+> 1 phage same group 
Differ 
+1 phage other group ] 0.9 1 0.9 0 0 
Differ 
+> 1 phage other group 2 1.9 0 0 3 3.0 
Both lysogenic 1 0.9 i 0.8 0 0 
No phage in common 
One strain neg. at 4 3.8 0 0 51 51.0 
Cor.D.t 
Subtotal 106 100.0 116 100.0 100 100.0 
Non-Lysogenic Strains 
Identical 27 — 15 —_ 47 —= 
Total 133 131 147 





*Most of the repetitions shown were performed by different technicians using different 
lots of phage. The cultures had been stored a few weeks to two years. 


yIncludes fifteen individual colonies from each of five strains, three individual colonies 
from each of nine strains, and the remainder represent different subcultures from a large 
inoculum. 


tCritical Test Dose is the highest dilution of phage which will produce complete con- 
fluent lysis of the propagating strain. Undiluted phage represents a 1:10 suspension of the 
phage harvest. 
another broad phage group in only 3 per cent. Nearly one-half of the strains 
which did not type with the C.T.D., however, were also untypable with concen- 
trated phage. 
DISCUSSION 


The techniques for recognition and propagation of staphylocoecie bacterio- 
phages have been advanced by many investigators and are now easily applied 
to the bacteriophage typing of staphylococci. The number of strains lysed by 
the phages used in this study was somewhat disappointing and is lower than 
the frequency obtained in some other series. As was indicated, strains isolated 
from the respiratory tract, and especially from the nose, seemed relatively non- 
susceptible. Many of the persons from whom these strains were isolated were 
household contacts of patients admitted to the hospital and, therefore, repre- 
sented normal persons. Williams and Rippon" found a total of 58 per cent of 
252 strains from the noses of normal persons in England were lysed by one or 
more phages, and Rountree’ found 70 per cent of 387 strains isolated from 
the noses of normal persons in Australia to be phage susceptible. In this coun- 
try, Blair and Carr’® were able to type 53 per cent of 539 strains from various 
sourees. These data include only coagulase-positive strains. From our material 
presented, it may be assumed that coagulase-negative strains are resistant to 
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the phages used. The one typed strain which was reported as coagulase-nega- 
tive was not available for verification and may have been found to be coagulase- 
positive as were two or three other apparently negative strains which were 
lysed by phages. That phage susceptibility is a biologic characteristic of the 
strain not dependent upon virulence per se is suggested by the lack of correla- 
tion with the test for alpha-hemolysin. 

The number of strains successfully identified and differentiated by phage 
reactions is obviously a function of the specific bacteriophages and the con- 
centration in which they are used. It has been suggested that phages derived 
from the same locale as the strains being tested may be superior with regard 
to the number of strains one is able to type. Although sufficiently widespread 
trials of this hypothesis have not been performed to endorse the view, it should 
not be ignored as a hypothesis. The phages propagated by the workers in Eng- 
land, however, have been found to produce fairly similar frequency and similar 
patterns of lysis wherever they have been used. Consequently the Subcommittee 
on Bacteriophage Typing of Staphylococci at the 1953 International Congress 
of Microbiologists tentatively agreed on a ‘‘basic set’’ of nineteen staphylococcie 
bacteriophages which they recommended for routine testing. In the present 
study, several members of the ‘‘ basic set’? were not available. It is possible that 
inclusion of the other members might have significantly increased the number 
of strains which were lysed. The R.T.D. rather than a concentrated inoculum of 
phage was employed throughout the study for uniformity, since preliminary 
observations indicated no significant differences, and the opinion was held that 
the use of undiluted phage would complicate interpretation by the production 
of side reactions. In view of the accumulated experience, more satisfactory 
results might have been achieved with regard to the number of typable strains 
observed if a concentrated phage inoculum had been used. 

A number of other modifications of the technique for routine testing of 
unknown strains were of minor importance. A medium free of glucose was 
used to diminish the overgrowth of phage-resistant cells which occasionally pro- 
dueed difficulty in evaluating the degree of original lysis. <A slightly alkaline 
agar was preferred because a sharper contrast between the plaques and sur- 
rounding growth appeared. A broth transfer of the unknown culture gave 
similar results when the incubation period was varied between six and eighteen 
hours at 37° C. The latter time was used in routine typing for convenience. 
A soft agar medium was found to be preferable, but little effect was observed 
from varying the agar content between 0.9 and 2.5 per cent. Addition of 
urea in hypertonic concentrations, as suggested by Bronfenbrenner™ for 
Escherichia coli bacteriophages, was not helpful, nor was elimination of sodium 
chloride from the medium. Continual incubation of the culture at 30° C., after 
it had been spotted with phage, produced more satisfactory results than the 
technique of brief incubation at 37° C. followed by overnight standing at room 
temperature. 

The distribution of the 541 typed strains from our studies among the broad 
phage groups may be compared with the series previously reported from Eng- 
land,* Australia,"* and New York.’® The 14.2 per cent in Group I is lower 
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than 22 per cent, approximately 18 per cent, and 38 per cent, respectively, in 
the other reports. Similarly, 4.2 per cent in Group II is low compared to 12 
per cent, approximately 26 per cent, and 24 per cent, respectively, in the pre- 
vious studies. The infrequeney of strains among Groups I and II is com- 
pensated by a greater per cent of strains in Group III. We observed 47.9 
per cent as compared to percentages of 33, 23, and 26 in the other series. In 
addition, a greater number of our strains were classified among the mixed 
groups. This may be explained in part by the use of specific phages among 
the miscellaneous group that differed from those employed by others, and in 
part by the increased occurrence of some strains which may have gained pre- 
: dominance within a particular area of one of the hospitals from which our 




































strains were obtained. 

It is apparent from the association patterns of lysogenic reactions shown 
in Figs. 4 to 7, that classification into the broad phage groups is not satisfac- 
tory for identification of specific strains. If, on the other hand, each pattern 
of lysis were to be designated as a specific type, 129 types of staphylococci 
would have been reported from this study alone. It has reasonably been recom- 
mended, therefore, that when individual bacterial strains are reported or re- 
ferred to, the pattern of lysis be recorded by listing the specific phages which 

~ produce strong lysis, e.g., 6/47/53/54, rather than by listing a type. The tech- 
nique of bacteriophage typing of staphylococci is not as specific or reproducible 
as a serologic reaction such as is available for the grouping and typing of strep- 
tococei, and because of the multiplicity of cross reactions among the phages, 
typing of staphylococci is less reliable than phage typing of salmonella species. 
Satisfactory confidence limits were obtained, however, for similarity among dif- 
ferent colonies of a single culture. Less confidence can be placed upon the dif- 
ferences observed for cultures tested at different times, or after storage. Never- 
theless, if one applies the variance of a strong reaction with plus or minus 
one specific phage from among a broad phage group, which is a rather strict 
eriterion for similar identity, reproducible results should be obtained for well 
over two-thirds of the typable strains of M. pyogenes. Within the same broad 
phage group, reproducibility can be attained in 92.5 per cent of retests. 

SUMMARY 


a. The results of the bacteriophage typing of 2,085 strains of staphylococci 
are given, along with the technique that has been used in typing. 
‘ b. Five hundred forty-one strains (26 per cent of all strains tested or 
i 35.2 per cent of coagulase-positive strains) were lysed by one or more of the 
4 twenty bacteriophages used. Only one coagulase-negative strain showed a 
a significant degree of lysis. The alpha-hemolysin test correlated fairly well with 
; lysis by bacteriophages. 

e. The typed strains were distributed among the phage groups as follows: 
Group I, 14.2 per cent; Group II, 4.2 per cent; Group III, 47.9 per cent; 
Group I-III, 17.2 per cent; Group III-M, 12.8 per cent; and remaining 3.7 
per cent among three additional groups. 
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d. The interactions of the phage types have been discussed, and also the 


reproducibility of the phage tests under varying conditions. Upon retesting, 
reaction in a different phage group was observed in 3.7 per cent of strains, and 
3.8 per cent of strains had become untypable with the routine test dose of 
bacteriophage. 


The invaluable technical assistance in these studies contributed by Winifred Harmon, 


Joseph Seto, Ethel Rosenthal, Greta Long, Jeanette Norsen, and Gayle Hager, is gratefully 
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BACTERIOPHAGE TYPING OF STAPHYLOCOCCI 
I]. KpmEMIOLOGIC STUDIES AMONG PATIENTS, HOUSEHOLD CONTACTS, 
AND HospiItAL PERSONNEL 


GEORGE GEE JACKSON, M.D., Harry F. Dow ina, M.D., 
AND Mark H. Lepper, M.D. 
CuHicaGo, ILL. 


— typing of staphylococci offers a reasonably good method 
for identifying individual strains of Micrococcus pyogenes and a very sat- 
istactory method of classifying strains within broad phage groups based upon 
the patterns of lysis produced by the various phages.1. Through the use of 
the bacteriophage technique, it has been possible to examine the homogeneity 
of staphylococci as they are derived from different population groups, differ- 
ent sources of isolation, and different time periods. Comparable data have 
not been available for the other tests which are commonly employed for the 
identification and classification of M. pyogenes. Since coagulase-negative 
strains of M. pyogenes are not susceptible to lysis in any significant number by 
the bacteriophages that were employed, the data obtained from the present 
study concern only potentially pathogenic strains. 

Observations upon the transfer of specific strains of M. pyogenes from 
one person to another often can be documented by the use of bacteriophage 
typing with a high probability of validity. We have used this approach to 
make certain observations on the epidemiologic spread of staphylococci among 
patients, household contacts, and hospital personnel. Some aspects of the 
investigations have been presented previously.” * The present report will at- 
tempt to relate the epidemiologic findings to the bacteriophage-groups of 
staphylococci involved. 

MATERIALS AND METHODS 


Sterile swabs were employed to obtain specimens from the noses and throats. These 
were either streaked immediately upon agar plates containing 6 per cent human blood, or 
placed in a tube with a small amount of nutrient broth and transported to the laboratory. 
There was never more than two hours’ time between the taking of cultures and the seeding 
of plates. Patients were selected for culture in rotation according to the sequence of their 
admission to the Chicago Municipal Contagious Disease Hospital. Specimens were obtained 
for culture in the admitting room prior to hospital admission, regardless of the type of illness 
present, and two or three times each week after entry to the hospital wards. Culture speci- 
mens from patients in other hospitals have been included in some aspects of the analysis. In 
all, 214 patients yielded phage-typable staphylococci from one or more culture specimens. 
Approximately one-half of the patients were from a single hospital, referred to previously. 
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When patients retained or acquired a persistently positive culture of M. pyogenes in 
the hospital, each of the household contacts of the patient was studied, in so far as 
possible, by means of nose and throat swabs prior to discharge of the patient to his 
home. All of the members who permitted cultures to be taken from the nose and throat 
were subsequently studied at 2, 4, 6, and occasionally 8, 12, and 16 weeks after the time 
of the patient’s discharge. Strains of M. pyogenes which were lysed by bacteriophage were 
isolated from one or more household contacts in twenty-six family units. The majority of 
these studies were made between September, 1951, and March, 1952. 

Nose and throat cultures were obtained from members of the hospital personnel who 
entered the wards on which the patients were housed during their hospital stay early in 
the period of the investigation, again near its conclusion, and subsequently at intervals of 
approximately one month. Phage-typable strains of M. pyogenes were obtained on one 
or more occasions from fifty-one members among the hospital staff. 

The techniques employed in identification and bacteriophage typing of strains of M. 
pyogenes have been described in detail in another publication.1 
RESULTS 

Altogether, 541 strains of M. pyogenes reacted with one or more of the 
twenty bacteriophages employed to give a pattern of strong lysis. Among 
these, 423 strains were derived from the environmental study that centered 
around the patients in one hospital. In the analysis of the results, bacterio- 
phage patterns of individual strains have not been given in most instances 
because of the multiplicity of minor variations in patterns, instead the phage 
patterns have been considered as belonging to one of eight broad phage 
groups. 

In Table I is shown the distribution of the strains of M. pyogenes isolated 
from among the 795 persons from whom cultures were obtained, according to 
the different sources of isolation and the phage reactions of the strains. Col- 
umn 1 indicates the proportion of the strains which would be expected in each 
phage group if the distribution were completely random. Comparison of the 
observed distribution with that expected by means of Chi-square analysis in- 
dicated that the over-all distribution of strains from the different sources was 
not significantly different from a random distribution except in the mixed 
Groups I-III and III-M. If, however, all the strains obtained from the respira- 
tory tract are grouped together, in contrast to all the strains that were derived 
from other sources, there is statistically a very significant increase above the 
expected frequency of occurrence of strains from Phage Group I in the respir- 
atory tract. Strains of Phage Group II occurred more frequently than ex- 
pected in the nose and less frequently in the throat and other sites. The num- 
ber of observations was too few, however, to have statistical significance. A 
comparison of the strains among Group III that were found in the respiratory 
tract with those found elsewhere, indicates a significantly lower proportion 
from the respiratory tract than would be expected from random distribution 
(p = 0.05). Among the mixed groups, strains in Phage Group I to III had a 
significant predilection for the throat, and strains among Phage Group III-M 
a very significant predilection for the gastrointestinal tract. 

Five different patterns of lysis were observed among the strains of Group 
[ isolated from the respiratory tract, although 90 per cent of the strains be- 
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longed to type 52. Six lytic patterns were found among the strains of Group 
II, and 5° »er cent of these were type 3C. Among 189 respiratory tract strains 
in Group III, 49 patterns of lysis were observed, and among 70 strains from 
other sources, 15 patterns were seen. All except two patterns were common 
to Group III strains from either source. Lysis by phages 53 or 7/53 was 
characteristic for 42.5 per cent of the Group III strains from all sourees, but 
strains lysed by these phages alone comprised 58 per cent of the Group III 
strains that occurred in the throat. Thus, in contrast to Phage Group III as 
a whole, these two types were found in the throat as frequently as in the nose. 
On the other hand, strains lysed by phages 53 or 7/53 alone comprised only 
35 per cent of Group III strains from the stool. Phages 54, 6/47/54, and 
6/47/53/54 characterized most of the other strains isolated from the stool. 
In the mixed Group I to III there were twelve patterns of lysis. With the 
exception of a single phage pattern, the distribution between the nose and 
throat was similar. Two patients were pharyngeal carriers of strain 52/7/47C, 
which was not found in the nose of any person. Forty lytic patterns occurred 
among strains of the mixed Group III-M, but only two major variations were 
due to the specific M phages. These were the presence or absence of lysis by 
phages 971 or W. Among the Group III-M strains isolated from the stool, 
the former was lysogenic for all eighteen strains, and the W phage was lyso- 
genic for only one. 

TABLE II. DISTRIBUTION OF PHAGE-SUSCEPTIBLE STRAINS OF STAPHYLOCOCCI AMONG 

PATIENTS, HOUSEHOLD CONTRACTS, AND HOSPITAL PERSONNEL 


ie - HOUSEHOLD | HOSPITAL 











| | | 

EXPECTED | PATIENTS CONTACTS | PERSONNEL | poraL 

| PER | no | | | NO. NO. | | NO. 
PHAGE GROUP | CENT* | STRAINS | op | STRAINS | % | STRAINS Jo _| STRAINS 
I 16.8 47 16.4 17 25.8 7 9.8 71 
Il 4.7 10 3.5 8 12.0 9 2.8 20 
IIl 45.9 133 46.5 22 33.4 39 55.0 194 
M 2.1 7 2.4 1 1.5 1 1.4 9 
Mixed Groups 
1-111 21.1 59 20.6 16 24.2 14 19.7 89 
IlI-M 8.3 27 9.5 0) 0 8 11.3 35 
I-III-M 0.9 4 0.7 > el | 0 0 4 
I-11-I11 0.2 1 0.4 0 0 0 0 1 
Total 100 286 100 66 100° °&«;&$71 100 423 








*Assuming equal distribution among all three years. 


In Table II, strains of M. pyogenes derived from patients in a single hos- 
pital, their household contacts, and the personnel of the hospital, are tabulated 
according to the identification of the strains within broad phage groups. The 
mean per cent of strains expected in each phage group, if random distribution 
had prevailed, is shown in the first column. Some trends toward lack of uni- 
form distribution are readily apparent. Strains among Phage Groups I and II 
are more prevalent among household contacts than among either hospital pa- 
tients or personnel, whereas strains of Group III are more prevalent among 
personnel and patients. From the number of strains observed, however, the 
abnormal distribution is not statistically significant by Chi-square analysis. 
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The most consistent finding of all was that the distribution of the strains re- 
covered from patients lies midway between the frequency observed among 
household contacts and hospital personnel. Therefore, the initial cultures ob- 
tained from patients in the admitting room of the hospital were compared with 
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Fig. 1.—Comparison of the strains of M. pyogenes obtained from patients, their household 
contacts, and hospital personnel, according to the broad phage groups to which they belong. 


those obtained after admission to the hospital ward. The lack of similarity 
between the strains isolated at these different times is shown graphically in 
the top panel of Fig. 1. In contrast, there is great similarity between the 
strains of M. pyogenes cultured on admission and those cultured from house- 
hold contacts, as shown in the center panel of Fig. 1. Likewise, the similarity 
is striking between the strains of M. pyogenes isolated from patients after 
entry to the hospital wards, and those found among hospital personnel as 
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illustrated in the bottom panel of Fig. 1. In view of these findings, the distri- 
bution of strains of M. pyogenes between hospital personnel and household 
contacts was analyzed by adding the strains recovered from patients upon ad- 
mission to those of the household contacts, and strains recovered subsequent 
to admission were added to those from hospital personnel. This reveals that 
the more frequent occurrence of strains from Phage Groups I and II among 
household contacts is statistically significant, p — 0.05 and 0.02, respectively, 
as compared with the lower incidence among hospital personnel. On the 
other hand, strains among Broad Phage Group III and Mixed Groups I to III 4 

and III-M are not significantly different in their distribution between house- 4 
hold contacts and personnel. | 






































TABLE IIT. DISTRIBUTION OF PHAGE-SUSCEPTIBLE STRAINS OF STAPHYLOCOCCI IN A SINGLE 
HOospPiITAL ACCORDING TO THE YEAR OF ISOLATION 




















EXPECTED i - | ns |) TOTAL r 
PER 1951 1952 | 1953 __| NUMBER % 
PHAGE GROUP CENT* | NO. | % | NO. | % | No. | Jo STRAINS 
I 16.8 19 16.5 34 22.4 18 11.5 if 
II 4.7 4 3.5 12 7.9 4 2.5 20 
III 45.9 39 33.9 50 32.9 105 67.4 194 
M 2.1 2 ae 5 3.3 2 1.3 9 
I-III 21.1 45 39.2 37 24.4 ‘f 4.5 89 
ITI-M 8.3 5 4.3 11 7.2 19 12.2 35 
I-IlI-M 0.9 1 0.9 3 1.9 0 0 4 
J-II-ITI+M 0.2 0 0 0 0 1 0.6 1 
Total 100 115 100 152 100 156 100 423 





*Assuming uniform distribution of all groups among the population. 


In Table III, strains of M. pyogenes have been classified according to 
phage groups and the year in which they were isolated. Two trends have sta- 
tistical significance. These are the increased occurrence of strains in Group 
III in the year 1953, and the diminishing frequency of strains in the Mixed 
Group I-III with the passage of time. Examination of the specific phage pat- 
terns revealed no change in the identity of strains in Groups I or HI. In 
Group II, strains lysed by type 51 were predominant in the year 1952, but 
almost disappeared in 1953 when strains lysed by type 3A appeared. A pro- 
gressive decrease in strains of a single pattern, 52/42B/47C, is responsible 
for the decrease observed in the Mixed Group I-III. 

The exchange of strains of M. pyogenes with the environment for persons 
among the three categories studied was observed by comparison of the phage 
patterns of strains isolated from successive cultures from the same anatomic 
site. The results are shown for patients, household contacts, and hospital per- 
sonnel, respectively, in Tables IV, V, and VI. Among the patients, 55 per cent 
of strains isolated from the nose were identical in successive cultures. An 
additional 16 per cent were probably of the same origin, while 6.5 per cent 
were strains of different origin. In the throat, 85.6 per cent were probably 
the same, and 6.2 per cent were different. These results were midway between 
the exchange observed for household contacts and for hospital personnel. 
Among the former group, 70 per cent of the strains of M. pyogenes from the 
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TABLE IV. SUCCESSIVE CULTURES FROM INDIVIDUAL PATIENTS: 


























DIFFERENT DIFFERENT 
SAME SITE DIFFERENT TIMES SITE SITE 
PHAGE REACTION™* NOSE | THROAT | OTHER SAME TIME | DIFFERENT TIME 
Identical phage pattern 35 67 24 47 68 
Identical + one phage in 9 16 10 6 40 
the same groupt 
Varies more than + one 12 if 8 6 69 
phage in the same 
groupt 
Differs + one phage in 2 1 0 0 3 
another group 
Differs more than one 0 5 0 3 0) 
phage in another group 
No phage in common 4 1 0 3 7 
Total 62 97 42 65 187 





*Lines 1 and 2 indicate organisms probably from the same strain. 

Line 3 indicates organisms of indeterminate origin, possibly the same strain. 
Line 4 indicates organisms of indeterminate origin, probably different strains. 
Lines 5 and 6 indicate organisms from different strains. 

yIncluding the miscellaneous phage 971 with Broad Group III. 


TABLE V. SUCCESSIVE CULTURES FROM INDIVIDUAL HOUSEHOLD CONTACTS 








SAME SITE 





DIFFERENT | DIFFERENT DIFFERENT 














DIFFERENT TIMES SITE SITE CONTACT 
PHAGE REACTION* NOSE | THROAT | OTHER |SAME TIME | DIFFERENT TIME |SAME TIME 
Identical phage pattern 24 12 0 10 5 4) 
Identical + one phage in 2 0 0 0 1 5 
the same groupt 
Varies more than + one 4 0 0 0 0 - 
phage in the same 
groupt 
Differs + one phage in 3 0 0 0 0 0 
another group 
Differs more than one 1 0 0 0 1 0 
phage in another group 
No phage in common 0 0 0 0 0 1 
Total 34 12 0 10 7 13 





*Lines 1 and 2 indicate organisms probably from the same strain. 

Line 3 indicates organisms of intermediate origin, possibly the same strain. 
Line 4 indicates organisms of indeterminate origin, probably different strains. 
Lines 5 and 6 indicate organisms from different strains. 

yIncluding miscellaneous phage 971 in Broad Group III. 


nose, and all of the strains from the throat were identical on successive cul- 
tures. Among hospital personnel, only 38.4 per cent of strains from the nose 
on suecessive culture produced identical phage patterns and an equal num- 
ber showed strains of different origin. Only among patients were strains of 
a different phage pattern cultured from different anatomic sites at any one time. 
As indicated in Fig. 2, this was sometimes accounted for by the fact that the 
patient had a family strain in the nose and had acquired a different strain in 
the throat. Hospital personnel differed from the other groups by the infre- 
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quency with which the same strain was recovered from different sites in suc- 
cessive cultures. As shown in Table V, strains that occurred simultaneously 
among different members of a household were remarkably similar in their 


phage patterns. 





Fig. 2.—The identification by bacteriophage typing of different 


his parent, cultured simultaneously. 
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Zo Patient's 
throat 


strains of M. pyogenes 
in the nose and throat of a patient, and the presence of one of these strains in the throat of 


TABLE VI. SUCCESSIVE CULTURES FROM INDIVIDUALS AMONG THE HOSPITAL PERSONNEL 








SAME SITE 











DIFFERENT TIMES 


DIFFERENT 
SITE 





DIFFERENT 


SITE 














PHAGE REACTION* | NOSE | THROAT SAMETIME | DIFFERENT TIME 
Identical phage pattern 10 0 1 ] 
Identical + one phage in 3 1 3 1 
the same groupt 

Varies more than + one 2 0 0 0 
phage in the same groupt 

Differs + one phage in 1 0 0 0 
another group 

Differs more than one phage 1 0 0 ] 
in another group 

No phage in common 9 ] 0 7 

Total 26 2 4 10 





*Lines 1 and 2 indicate organisms probably from the same strain. 


Line 3 indicates organisms of indeterminate origin, possibly the same strain. 
Line 4 indicates organisms of indeterminate origin, probably different strains. 


Lines 5 and 6 indicate organisms from different strains. 
yIncluding miscellaneous phage 971 in Broad Group III. 
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DISCUSSION 


In the presentation of results, the strains of M. pyogenes have been classi- 
fied according to four broad phages groups which were made up on the basis 
of frequent association of lytic reactions among the component phages, and 
four mixed phage groups constructed upon the frequency of cross reactions 
among the phage-typable strains of M. pyogenes.' This does not indicate that 
all of the strains in any one group are identical. Numerous patterns of phage 
lysis were observed within each broad phage group. The grouping of strains 
according to their reactions in broad phage groups, however, facilitates analy- 
sis for epidemiologic interpretation, and also aids in comparison with similar 
data reported from England and Australia. 

The lack of uniform representation of the phage groups among coagulase- 
positive staphylococci isolated from different anatomic sites and different 
types of pathologie lesions is gaining importance as a result of the documenta- 
tion of similar observations in England, Australia, and the United States.*° The 
expansion of such data will bring the study of staphylococci a little nearer to 
the advantages already obtained by the ability to type pneumococci and strep- 
tococei. 

In England, Williams and associates‘ found that strains belonging to 
Group I were most common among staphylococci cultured from nasal swabs 
from normal healthy persons and, furthermore, comprised 56 per cent of 
strains from persons with an acute fulminating staphylococcal pneumonia. 
Rountree’ studied inpatients and outpatients in a metropolitan area in Aus- 
tralia and found a large proportion of strains from the respiratory tract be- 
longed to Group I, but a larger proportion belonged to Group III. This sig- 
nificant discrepancy from the results obtained in England was assigned to a 
difference in the populations studied, an assumption that is supported by our 
data. Our data also are obtained primarily from metropolitan areas, largely 
from a single hospital, and in contrast to the other studies, a single person is 
usually represented by more than one culture. Nevertheless, the preponder- 
anee of strains belonging to Phage Group III is comparable to that observed 
by Rountree.’ The results of Williams and associates* are corroborated in that 
rroup I strains occurred significantly more frequently in the respiratory 
tract than would be expected from random distribution, and strains from 
the Mixed Group I-III were found exclusively in the respiratory tract, par- 
ticularly in the throat. 

Strains of M. pyogenes susceptible to the phages of broad Group II were 
found infrequently in the present study. This observation is entirely in keep- 
ing with what might have been expected, since the previous studies in Eng- 
land* and Australia,’ as well as the results of Blair and Carr® in this country, 
indicated that strains in Group II were found most commonly from boils, 
otitis, abscesses, and osteomyelitis. These sources were inadequately rep- 
resented in our data. 
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Food poisoning in Great Britain appears almost entirely to be caused 
by strains of M. pyogenes in Phage Group III. In our data, the strains 
isolated from stools were from patients with staphylococcie enteritis as a 
complication of antibiotic treatment. Approximately one-third of the typed 
strains were isolated by each of three different groups of workers, in three 
medical centers, the Boston City Hospital,* the Mayo Clinic,t and our own 
hospitals. Strains of Group III and Mixed Phage Group III-M were most 
common. Ninety-three per cent belonged to Group III, HI-M, or M. In 
contrast, strains of Group HI-M were not recovered from a household contact 
in a single instance. The strains from each hospital formed eight or nine 
specific phage patterns and only two or three were common to any two of 
the hospitals studied. The patterns observed were very similar to those 
shown to be associated with well-authenticated outbreaks of food poisoning 
in England,* while strains with other patterns in Group III showed a 
diminished tendency to occur in the stools of patients with dysentery, and 
might have appeared coincidentally with their presence in the upper respira- 
tory passages, as noted by Williams and associates.‘ 

The preponderance of Group III strains shown to be associated with 
osteomyelitis in our studies is somewhat contrary to the results of others and 
might be accounted for by the fact that all the patients had chronic osteo- 
myelitis, and the strains obtained from the wounds in such cases are more 
likely a reflection of hospital strains than the ones causing the primary 
lesion. 

The irregular distribution in the frequency with which strains of M. 
pyogenes of different phage groups were found among household contacts and 
hospital personnel is of importance. The results have great similarity in the 
low incidence of Group II strains to those obtained by Rountree for several 
hospitals in Australia.© The distribution is strongly influenced by the sensi- 
tivity of the strains to penicillin, and this aspect will be discussed separately, 
along with additional data.’ The distribution of strains among the years also 
has probably been influenced by the introduction of new antibiotic agents, 
and the population sampled. 

The role played by hospital personnel in acquiring and disseminating 
strains of M. pyogenes among hospital patients, and in turn the exchange of 
strains among patients and household contacts, has been elaborated in previ- 
ous reports by means other than bacteriophage typing of the strains.” * ® 
The previous findings are reinforced by the current observations. Different 
strains of M. pyogenes were acquired in the noses and throats of hospital per- 
sonnel between successive cultures more than five times as often as among 
household contacts. This quantitative estimate may be erroneously high, 
however, because the intervals between cultures often were greater among 
personnel than among household contacts. From a small number of eases, 
it was previously observed that approximately 10 per cent of patients trans- 
ferred hospital-acquired strains to another family contact after they had 


*Obtained from Dr. M. Finland, Throndike Memorial Laboratory. 
7Obtained from Dr. W. H. Heilman, Division of Bacteriology, Mayo Clinic. 
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been discharged from the hospital.2. In support of this, the occurrence of 
Group III strains recovered from among household contacts increased after 
the patient was discharged from the hospital, although the number of ob- 
servations is too few to have statistical significance. Since the hospital in 
which these studies were performed functions as an isolation unit, precaution- 
ary measures to prevent the spread of infection were practiced by the staff, 
and the patients were adequately spaced or placed in separate cubicles. One 
may expect, therefore, to find the personnel in a general hospital to be contrib- 
uting to an even greater extent in the exchange of strains among patients 

























and consequently in the community. 
SUMMARY AND CONCLUSION 


The sources from which 541 strains of staphylococci were derived have 
been studied in relation to the broad phage group in which the strains be- 
longed. Group I strains tended to be obtained more frequently from the 
respiratory tract, and Group III strains less frequently than would be ex- 
pected in a purely random distribution. Group I-III strains showed a signifi- 
cant predilection for the throat, and Group III-M strains a significant pre- 
dilection for the intestinal tract. 

Individual patterns of lysis were studied in relation to the source of 
strains. Ninety per cent of the Group I strains obtained from the respiratory 
tract were lysed by phage 52. Among strains in Group III, types 53 and 
7/53 were commonly obtained from the respiratory tract, while type 6/47/53/54 
was most frequent in the stool. 

In an epidemiologic study of the patients and personnel from a single 
hospital and the household contacts of the patients, it was found that strains 
from Groups 1 and II were found more frequently among household contacts, 
and from Group LIL among hospital personnel, while strains from patients 
tended to fall in both groups. 

The proportion of strains belonging to Group III that were recovered 
during the year 1953 increased in frequency as compared with the two pre- 
ceding years, whereas the frequency of strains in Group I-III diminished 
progressively from 1951 to 1953. 

All of the strains obtained from the throats, and 70 per cent of the 
strains from the noses, of the household contacts were grouped in the same 
groups on successive cultures. Among hospital personnel, 38.4 per cent of 
strains from the nose were identical on successive cultures by the same 
criterion. Among patients, 85.6 per cent of strains cultured from throats 
and 55 per cent of the strains cultured from noses were of the same group 
on successive cultures. 

Of the strains isolated from the stools of patients with staphylococcie 
enteritis, which followed antibiotic therapy, 93 per cent belonged to Group 
III, ITI-M, M. 

The invaluable technical assistance in these studies contributed by Winifred Harmon, 
Joseph Seto, Ethel Rosenthal, Greta Long, Jeanette Norsen, and Gayle Hager is gratefully 
acknowledged. 
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BACTERIOPHAGE TYPING OF STAPHYLOCOCCI 
III. RELATIONSHIP TO ANTIBIOTIC SENSITIVITY AND RESISTANCE 


GEORGE GEE JACKSON, M.D., Mark H. Lepper, M.D., AND 
Harry F. Dow ine, M.D. 
CuicaGo, IL. 


HE patterns of lysis among strains of staphylococci produced by a set of 

twenty different bacteriophages have permitted us to classify coagulase- 
positive strains into four broad phage groups, four mixed phage groups, and 
nontypable strains. Although strains with many specific phage patterns are 
present in each phage group, the classification into broad groups appears to 
have epidemiologic significance related to the incidence of strains among persons 
in different catagories of the population, the proportion of strains from each 
phage group isolated from different anatomic sites, and the pathologic lesions 
commonly encountered with staphylococci in different phage groups.” In the 
present paper, the classification of strains into broad phage groups will be 
employed to examine the relationship of phage reaction and the inhibition of 
growth produced in vitro by penicillin, chlortetracycline, and erythromycin. 


MATERIALS AND METHODS 


The sources of clinical material and the techniques of isolating and phage typing strains 
of staphylococci have been presented in detail previously.1; 2 

Antibiotic sensitivity tests were performed in 100 by 13 mm. test tubes. Serial twofold 
dilutions of each antibiotic were made in 0.5 ml. of tryptose phosphate broth (pH 7.0), and 
an inoculum of 1.5 ml. of a 1:100 dilution of an 18- to 24-hour broth culture (10,000 to 
1,000,000 organisms per milliliter in the final dilution) of the test strain was added. The 
tube with the highest dilution of the antibiotic showing complete absence of gross turbidity 
after 18 to 24 hours of incubation at 37° C. was recorded as the minimal inhibitory con- 
centration (M.I.C.), and this value was used as the antibiotic sensitivity of the strain. 

The antibiotics, potassium penicillin G, chlortetracycline hydrochloride,* and erythromycin 
hydrochloride+ were prepared in a concentrated aqueous solution and aliquots were dispensed 
into individual test tubes. These stock solutions were kept in a frozen state at -20° C. The 
contents of one tube of each antibiotic were thawed just prior to use. The potency of each 
agent and the accuracy of the dilutions were controlled for each set of determinations by 
performing a microbiologic assay with a standard strain of Bacillus circulans for penicillin, 
Bacillus cereus for chlortetracycline, and Streptococcus C-203 for erythromycin. 


RESULTS 


The minimal inhibitory concentration of penicillin was determined for 427 
strains of phage-typable coagulase-positive staphylococci; and also for 907 addi- 
tional coagulase-positive strains, and 505 coagulase-negative strains that were 
not lysed by the bacteriophages employed. Almost all of these strains were 
similarly tested with chlortetracycline and approximately one-half of them were 
tested with erythromycin. The results are given in Table I. 


From the Department of Medicine, Research and Educational Hospitals, and Chicago 
Municipal Contagious Disease Hospital, University of Illinois College of Medicine, Chicago, IIl. 

Received for publication, April 1, 1954. 

*Chlortetracycline was supplied by Lederle Laboratories Division of American Cyanamid 
Co., Pearl River, N. Y. 

yErythromycin was furnished by Abbott Laboratories, North Chicago, IIl. 
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TABLE I. THE RELATION OF THE EFFECT OF ANTIBIOTICS UPON THE GROWTH OF STAPHYLOCOCCI 
To THEIR REACTIVITY TO COAGULASE AND TO BACTERIOPHAGES 









































(A) (B) (Cc) 
NOT PHAGE | NOT PHAGE PHAGE 
TYPABLE; | TYPABLE; TYPABLE; 
COAGULASE- | COAGULASE- | COAGULASE- SIGNIFICANCE 
INHIBITING | NEGATIVE POSITIVE | POSITIVE _ P 
ANTIBIOTIC | CONCENTRATION | NO. | % | NO. | % | NO. | % A—B | A—C | B—C 
Penicillin lunitor 258 51.1 374 413 100 234 <.05 <.001 <.001 
less 65 12.9 80 8.8 44 10.3 z Z a 
10 units 79 15.6 159 17.5 88 20.6 = 2 a 
100 units 53 10. 162 17.8 Si 190 <01 <—.05 ie 
250 units 50 9.9 1382 146 114 26.7 < .001 < .001 
Total >250 units 505 907 427 
Chlortetra- 1 pg or 130 25.8 330 365 124 29.1 <.05 ‘“ 2 
cycline less 186 37.0 292 32.3 89 20.8 as .001 < .05 
10 wg 129 25.6 129 14.3 66 155 <.001 < 05 " 
100 wg 50 9.9 130 14.4 107 25.2 = <— 001 << 01 
250 wg 9 i Peg 23 2.5 40 9.4 _ <— 01 << .001 
Total >250 ug 504 904 426 
Erythro- 1 yg or 176 81.1 292 68.7 204 75.0 < .05 = e 
mycin less 21 9.7 32 7.5 14 5.1 = = _ 
10 ug 8 3.7 15 3.5 1 0.4 = me < .05 
100 wg 5 2.3 5 1.2 4 1.5 bs = : 
250 wg 7 3.2 81 19.1 49 180 <.001 <.001 e 
Total >250 wg 217 425 272 





The percentage of strains completely inhibited by concentrations of penicil- 
lin less than 1 unit per milliliter was significantly greater among coagulase- 
negative strains than among those that were coagulase-positive. Among the 
latter, there were s:gnificantly more strains sensitive to penicillin in the group 
that was not phage-typable. Conversely, a concentration of 250 units of penicil- 
lin per milliliter failed to inhibit a significantly greater number of phage-typable 
strains than other coagulase-positive or coagulase-negative strains. 

Chlortetracycline most effectively inhibited coagulase-positive staphylococci 
that were not phage-typable. <A significantly smaller percentage of coagulase- 
negative strains was inhibited by less than 1 unit per milliliter of chlortetra- 
eycline. As was the case with penicillin, significantly more of the phage-typable 
coagulase-positive strains required 250 pg or more of chlortetracyeline per 
milliliter to inhibit growth than was observed among strains that were either 
coagulase-negative or coagulase-positive and nontypable. 

One microgram of erythromycin per milliliter inhibited the majority of 
strains of staphylococci in all three groups. In this concentration, however, 
significantly more coagulase-negative strains were inhibited than nonphage- 
typable coagulase-positive staphylococci. More significant, however, was the 
larger percentage of coagulase-positive strains, regardless of phage reaction, 
that were resistant to inhibition by 250 yg per milliliter than was observed among 
the coagulase-negative strains. Phage-typable strains of intermediate sensi- 
tivity to erythromycin were significantly less frequent than was observed among 
other coagulase-positive strains, but such strains were relatively rare in both 
groups. 
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The distribution of the phage-typable strains according to the inhibiting 
concentrations of penicillin and broad phage groups is presented in Fig. 1. 
Groups represented by less than twenty strains are not shown. It is im- 
mediately apparent that there was not a uniform distribution of strains 
belonging to different phage groups with regard to their inhibition by penicillin. 
The significance of these differences will be considered later. The striking 
features observed were the high proportion of sensitive strains in Group IT, and 
the high proportion of resistant strains in the Phage Groups III, ITI-M, and 
I-III. Among the latter groups, there was a uniform distribution of strains 
inhibited by intermediate concentrations of penicillin. On the other hand, the 
strains in Phage Group I were divided more evenly between those inhibited by 
low concentrations of penicillin and those resistant to high concentrations. This 
is similar to, and intermediate between, the distribution of nontypable coagulase- 
positive strains and coagulase-negative strains. 
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Fig. 1.—The penicillin sensitivity of strains of M. pyogenes belonging to different phage groups. 


The distribution of strains within any one phage group cannot be accounted 
for by the sensitivity or resistance to penicillin of strains with any particular 
phage pattern. The majority of strains in Group I, however, were lysed by 
phage 52 alone, and nearly all of the strains in the Mixed Group I-III were 
lysed by some combination of the phages 52, 42B, and 47C. 

The minimal inhibitory concentration of chlortetracyeline for the strains 
in different phage groups is given in Fig. 2. As was the case for penicillin, the 
distribution among the phage groups was not uniform, and the highest propor- 
tion of strains inhibited by low concentrations of chlortetracyeline was found 
in Group II. <A large proportion of the strains belonging to the Mixed Phage 
Group I-III were not inhibited by high concentrations of chlortetracyeline. 
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Strains in the Phage Groups I, III, and III-M showed a rather symmetrical 
distribution with regard to inhibition by increasing concentrations of chlor- 
tetracycline. 
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Fig. 2.—The chlortetracycline sensitivity of strains of M. pyogenes belonging to different 


phage groups. 
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Fig. 3.—The erythromycin sensitivity of strains of M. pyogenes belonging to different phage 
groups. 

The cumulative distribution curves for strains among the different phage 

groups, according to the minimal inhibitory concentrations of erythromycin, are 

shown in Fig. 3. Nearly all of the strains in Phage Group I and Mixed Group 
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I-III were inhibited by low concentrations of erythromycin. Strains not 
inhibited by erythromycin were found only in Phage Group III and Mixed 
Group III-M. The horizontal line in the zone of intermediate concentrations of 
erythromycin indicates the absence of strains inhibited in this area, and suggests 
that inhibition by erythromycin tends to be an all-or-none phenomenon for 
strains in these phage groups. 


TABLE II. THE RELATIONSHIP OF PHAGE GROUPS AND SENSITIVITY OR RESISTANCE TO ANTI- 









































BIOTICS 
a - | ANTIBIOTIC-SENSITIVE |  ANTIBIOTIC-RESISTANT 
TOTAL | STRAINS* ae STRAINSt = 
STRAINS | PHAGE | NUMBERt{ | NUMBER | | NUMBER} | NUMBER 
AGENT TESTED | GROUP | EXPECTED | OBSERVED | P| EXPECTED | OBSERVED | P 
Penicillin 427 16.6 34 <.05 32.4 19 A 
II 4.7 i <.05 9.1 1 <.05 
III 46.5 28 <.05 90.5 120 <.05 
M 2.1 4 = 4.1 2 te 
T-I1T 20.8 14 Z 40.6 20 Ze 
III-M 8.2 2 <.05 16.0 24 ¥ 
Other aba 3 -_—s 2B 2 ke 
eres 10000100 19H 
Chlortetra- 426 I 20.4 23 3 24.1 24 2 
eycline IT 5.8 12 es 6.9 0 <.05 
PE 58.0 57 pe 68.7 51 <.05 
M 2.6 5 a 3.1 0 et 
1-IIT 25.6 7 <.01 30.5 66 <.05 
ITI-M 10.2 17 2 12.0 5 ke 
Other 1.4 2 : bey 1 Bd 
Pel aati as 124.0 124 147.0147 
Erythromycin 272 I 25.6 29 a 5.1 0 <.05 
II 15.4 17 * 5 Ad | 0 eS 
III 118.0 109 a 34.9 48 <.05° 
M 3.0 3 ma 0.6 0 = 
I-III 16.7 19 a oo 0 a 
ITI-M 23.6 25 oe 5.7 5 = 
Other 17 2 ie 0.3 0 _ 
204.0 204 53.0 53 





*Growth inhibited by 1 unit or 1 yg per milliliter or less. 
Required 250 or more units or wg per milliliter to inhibit growth. 
tBased on the proportion of strains tested from each phage group. 


A measure of the statistical significance of the lack of uniformity in the 
distribution of staphylococci in different phage groups, with regard to inhibition 
by antibiotics, is given in Table II. The number of strains inhibited by one 
unit or microgram of one of the agents, the antibiotic-sensitive strains, and the 
number of strains which required 250 or more units or micrograms to produce 
inhibition, the antibiotic-resistant strains, were observed and compared with the 
number of strains expected in each category based on the number tested in each 
phage group. Significance was determined by Chi-square analysis. There was 
a significantly greater frequency of penicillin-sensitive strains among Phage 
Groups I and II, and a significantly lower incidence of sensitive strains in Phage 
Group III and Mixed Group ITI-M. Conversely, significantly fewer strains 
among Phage Group II were penicillin-resistant, and the number of strains 
resistant to penicillin among Phage Group III was significantly greater than 
expected. 
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The significant findings with regard to chlortetracycline were the small 
number of sensitive strains and the increased incidence of resistant strains in 
the Mixed Phage Group I-III. In contrast to penicillin, the occurrence of 
resistant strains in Group III is significantly lower than expected by random 
distribution, and the trend in Group III-M is toward increased susceptibility 
to chlortetracycline. The absence of resistant strains among Group IT is statis- 
tieally significant. 

All of the strains resistant to erythromycin belonged to either Phage 
Group IIT or ITI-M, the number among Group III was increased to a statistically 
significant level, while the absence of such strains in Phage Group I also had 
statistical significance. 
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Fig. 4.—The representation of phage groups among 100 strains of M. pyogenes inhibited 
by 1 unit or less of penicillin per milliliter, the sensitive strains, and among 195 strains 
requiring 250 units or more of penicillin per milliliter to inhibit growth, the resistant strains, 
compared with the representation of phage groups among strains of M. pyogenes isolated from 
patients, household contacts, and hospital personnel. 


The representation of each of the phage groups among 100 strains of 
staphylococci that were effectively inhibited by one unit of penicillin is illus- 
trated by the left-hand bar in Fig. 4, and,compared with the occurrence of the 
same phage groups among patients, their household contacts, and hospital per- 
sonnel. In the right-hand bar, the representation of the phage groups among 
195 strains of staphylococci that required 250 units or more for inhibition is 
shown. It may be seen that the composition by phage reaction of the penicillin- 
sensitive strains most nearly simulates that observed among household contacts, 
while the phage composition among penicillin-resistant strains is more compar- 
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able to that observed among hospital personnel. The phage groups of Staphylo- 
cocci obtained from hospital patients was intermediate between these two groups 
of persons. Similar comparisons for chlortetracycline and erythromycin indi- 
eate the same trends less clearly. 


DISCUSSION 


The increasing clinical importance of antibiotic-resistant staphylococci is 
documented by numerous reports in the literature. On the other hand, some 
reports have ealled attention to the fact that antibiotic-resistant strains are in- 
creased primarily in hospital areas rather than in the community at large, and 
that certain types of lesions are still commonly associated with penicillin-sensitive 
strains of Micrococcus pyogenes.t The technique of bacteriophage testing has 
made it possible to examine the similarity of different strains of staphylococci 
within the species in relationship to another biologie characteristic of the strain. 
Barber and Whitehead® demonstrated that strains of the Phage Group 6/47 
(Group III) were most commonly isolated from hospital personnel and com- 
prised a large proportion of the penicillin-resistant strains. This finding was 
borne out in the present study. A later investigation in the same hospital, re- 
ported by Elwood,® indicated that a large proportion of the strains in the Phage 
Group 29/31/52 (Group I) and 3 (Group ITI) were still sensitive to penicillin, 
while more than one-half of the strains belonging to the Phage Group 6/7/47 
(Group III) were penicillin-resistant strains. 

In a report upon the results of bacteriophage testing of staphylococci in 
Sweden, Laurell and Wallmark’ found strains of some phage types practically 
all penicillin-resistant, and strains belonging to another phage type nearly all 
sensitive to penicillin. Since the bacteriophages used in testing were not identi- 
‘al to those we used or those used by the British workers, one cannot make direct 
comparisons; strains belonging to the phage type which corresponds to the 6/47 
group of the British (Group III), however, were resistant to penicillin. 

In Australia, Rountree® found 66 to 80 per cent of the penicillin-resistant 
strains of staphylococci from different sources belonged to Phage Group III, 
and the majority of strains in Phage Groups I and II were penicillin-sensitive. 
In Canada, Leyton® observed the appearance of strains of staphylococci that 
were resistant to chlortetracycline, and studied the relationship of phage sus- 
ceptibility and antibiotic resistance. Over a period of thirty-two months, the 
percentage of strains sensitive to chlortetracycline decreased from ninety-nine to 
seventy-two. Only one strain, 8 per cent, that belonged to Phage Group 51 
(Group IT) was not inhibited by chlortetracycline; whereas eleven strains, 55 
per cent, that belonged to Phage Group 6/47B (Group III) were chlortetra- 
eycline-resistant. The author, however, did not feel that there was a straight- 
forward relationship between sensitivity to antibiotics and phage type, and sug- 
gested that there are potentially resistant organisms in all phage groups. Low- 
bury and Topley,'® however, observed some correlation between phage type and 
chlortetracyeline sensitivity in the strains of staphylococci isolated from burns. 
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A recent report by Fusillo and associates’! from the District of Columbia 
correlated phage distribution and antibiotic-resistant staphylococci. The results 
agree very closely with those presented here, although the authors did not state 
what limits were used in classifying strains as ‘‘sensitive’’ or ‘‘resistant,’’ and 
the strains were accumulated only from patients in a hospital environment. 
Nearly all of the phage-typable strains resistant to antibiotics were found in 
Phage Group III, and 74.5 per cent of all penicillin-resistant strains belonged 
to this phage group. The increased number of strains in Group III that were 
resistant to streptomycin, however, was not statistically significant, nor was the 
increase in tetracycline-resistant strains. In Group II, antibiotie-resistant 
strains were rare, but some resistant strains were found in each broad phage 
group regardless of the antibiotic that was used. 

From the similarity in the experience that has accumulated from several 
laboratories in distant geographic areas, and from the statistically significant 
differences in the number of antibiotic-sensitive and antibiotic-resistant strains 
among the phage groups in our own results, the indication is quite clear that 
the emergence of resistant strains in vivo is not the same among Staphylococci 
of different phage groups. It is generally accepted that the emergence of re- 
sistant strains is a consequence of selection of resistant mutants among the 
bacterial population.’? One might suspect, therefore, that penicillinase-produc- 
ing mutants have occurred with decreased frequency among organisms of cer- 
tain phage groups, or, alternatively, that there has been less selection by anti- 
bioties among strains in these phage groups because of their distribution in 
the population or the type of lesions which they produce. It is possible that the 
nuclear material of some strains of M. pyogenes in Group III have an increased 
facility for adaptation or genetic change with regard to a variety of stimuli 
or methods of selection. Studies regarding these hypotheses are presently being 
conducted. 

The majority of reports in this country upon the inhibition of staphylococci 
by antibiotics have considered all coagulase-positive strains as a homogeneous 
group. Coagulase-negative staphylococci are generally agreed to behave in- 
dependently in regard to inhibition by antibiotics. In the data reported, anti- 
biotic-resistant strains for all three antibiotics were least frequent among coagu- 
lase-negative organisms, and, with the exception of chlortetracycline, the largest 
number of sensitive strains occurred in the coagulase-negative group. Consider- 
ing coagulase-positive organisms, Finland and co-workers* '* have clearly demon- 
strated the increase in the number of strains resistant to one or more antibiotics 
with the passage of time at a single large institution. The distribution of the 
phage-typable coagulase-positive strains from the data presented here corre- 
sponds very closely, with regard to penicillin sensitivity, to that reported by 
Finland and Haight* for strains isolated at approximately the same time. By 
bacteriophage typing, however, the composition of the staphylococci studied by 
us has been shown to include strains of different phage groups which differed 
from one another to a significant degree in their sensitivity to antibioties. 
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Strains belonging to different phage groups did not necessarily behave in 
the same manner toward each of the antibiotics tested. In this respect, the 
strains of Mixed Phage Group III-M were found to be most resistant to peni- 
cillin and relatively more susceptible to chlortetracycline, and strains in Group 
I-III were most resistant to chlortetracycline but sensitive to erythromycin. 
The strains belonging to Broad Phage Group II, however, had a relatively large 
proportion of strains that were effectively inhibited by all three antibiotics, and 
strains among Broad Phage Group III were relatively resistant to all three 
antibioties. 

Strains of Mixed Phage Group I-III were common at the Chicago Municipal 
Contagious Disease Hospital, but disappeared almost completely following the 
introduction of erythromycin into the therapeutic regimens in the wards, and 
erythromycin-resistant strains have not yet appeared in that phage group. The 
distribution of strains according to their inhibition by erythromycin as shown, 
however, represents only the present status, and erythromycin-resistant strains 
are presently being encountered with increased frequency.* 

It is noteworthy that the phage groups to which one-half of the penicillin- 
Sensitive strains belong, i.e., Groups I and II, were found significantly more 
frequently among household contacts than among hospital personnel, while the 
Phage Groups ITI, I-III, and III-M, to which 90 per cent of the strains resistant 
to penicillin belong, show no statistically significant difference among the three 
population categories studied. This suggests that the high proportion of re- 
sistant strains observed among hospital personnel is primarily because of the 
elimination of sensitive organisms, and that, among the general population, 
potentially res'stant strains occur to nearly the same extent. 


SUMMARY 

The relationship of antibiotic sensitivity and phage typing for 1,839 strains 
of M. pyogenes has been studied. 

The minimal inhibitory concentration of penicillin has been determined 
for 505 coagulase-negative, and 1,334 coagulase-positive, strains, of which 427 
were lysed by one or more bacteriophage. The sources of the strains were several 
hospitals in different parts of the country, but predominantly one hospital in 
Chicago. Strains from personnel, patients, and home contacts are included. 
Among the coagulase-negative organisms, 51.1 per cent were sensitive to 1 unit 
per milliliter or less of penicillin, among the nontypable coagulase-postitive 
strains, 41.3 per cent, and among the phage-typable strains, 23.4 per cent were 
similarly sensitive. On the other hand, the percentages which were not in- 
hibited by 250 units per milliliter of penicillin were 9.9, 14.6, and 24.7 per cent, 
respectively, for the three groups. 

The in vitro inhibition of growth of staphylococci by penicillin was found 
to be significantly different among the phage groups. Strains in Phage Groups 
I and II had a greater percentage of penicillin-sensitive strains, and Groups III 
and III-M a greater percentage of resistant strains than expected. 
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Similarly, the minimal inhibitory concentration of chlortetracyecline has 
been determined for 504 coagulase-negative, and 1,330 of the coagulase-positive 
strains, including 426 of the phage-typable strains. There were more strains 
resistant to 250 pg per milliliter of chlortetracycline in the phage-typable group, 
9.4 per cent, than in the coagulase-positive nontypable group, 2.5 per cent, and 
coagulase-negative group, 1.7 per cent. There were fewer resistant strains in 
Phage Groups II and III, but more than expected in Phage Group I-III. 

The minimal inhibitory concentration of erythromycin was determined for 
217 coagulase-negative, and 697 coagulase-positive strains, including 272 which 
were phage-typable. The incidence of strains inhibited by 1 pg per milliliter 
or less in the three groups was 81.1, 68.7, and 75.0 per cent, respectively. On 
the other hand, 3.2, 19.1, and 18.0 per cent, respectively, were resistant to 250 
pg per milliliter of the drug. Phage Group I had significantly fewer erythro- 
mycin-resistant strains than expected, and Phage Group III, more than ex- 
pected. All of the resistant strains were found to be in Phage Groups IIT and 


ITI-M. 
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A SIMPLE PROCEDURE FOR THE IDENTIFICATION OF THE GENUS 
SALMONELLA BY MEANS OF A SPECIFIC BACTERIOPHAGE 
Wiuuiam B. Cuerry, Pu.D., Berry R. Davis, B.A., Poitier R. Epwarps, Px.D., 
AND RaupH B. Hoan, M.D. 
ATLANTA, GA. 


ILE conventional procedures for the identification of Salmonella are based 
) both biochemical and serologic studies.’ Usually, serum containing both 
somatic and flagellar antibody is employed for screening of these organisms. 
Such sera are available commercially but are quite expensive for surveys where 
large numbers of cultures must be tested. 


ixperiments in which a single selected bacteriophage is employed for generic iden- 
tification of Salmonella are reported here. The method is rapid, simple, and quite specific. 
One worker can easily test 200 to 400 cultures in one working day including the four-hour 
period necessary for incubation of the broth prior to the application of phage. In terms 
of time required per test performed, phage identification is very rapid, although testing 
cannot be done directly on colonies appearing on isolation plates as is possible with poly- 
valent Salmonella serum. Based on the current price of dehydrated media and of com- 
mercial polyvalent agglutinating serum, the use of serum for the identification of these 
organisms is approximately ten times as costly as is the use of phage. The cost of the 
phage is negligible since a supply sufticient to last for years can be prepared within a few 
hours. The ‘‘technical’’ time, however, as with other biologic tests is the most expensive 
factor. 

METHODS 


A selected bacteriophage of high titer was applied in concentrated form to inoculated 
areas on plates of selective media. The plates were incubated at 37° C, for a period of six 
to eighteen hours and were then examined for evidence of lysis of the bacteria. Although 
many bacteriophages were isolated and tested, none proved as satisfactory as the phage 
described as ‘‘O-1’’ in the paper of Felix and Callow.2. This phage was known to have 
lytic action on Salmonella belonging to many somatic groups, but the specificity of its 
action and its potentialities as a diagnostic tool have not been reported. The phage used 
in these experiments was propagated to a high titer in broth at 37° C. using S. paratyphi B 
(phage type 1) as the host organism. The broth was prepared by adding 20 Gm. of 
nutrient broth dehydrated (difeco) and 7 Gm. of sodium chloride to a liter of distilled 
water. ‘The lysate was filtered through a Coors porcelain candle having a porosity of 3. 
In this manner, a phage preparation having a titer of 108 to 109 plaque-forming particles 
per milliliter was obtained without difficulty, It characteristically produces plaques which 
are quite clear and regular in outline, and which are about 1.5 mm, in diameter. If desired, 
this material may be used without dilution, but it is convenient to dilute the stock phage 
1:10 to 1:100 before employing it in the tests. The phage is stable for an indefinite period 
if kept under refrigeration, but the addition of 1 per cent of chloroform aids in its pres- 
ervation and does not reduce the phage titer even over long periods of storage. 

The cultures which were tested were grown for a period of four to six hours in 
nutrient broth adjusted to a pH of 7.0. When a light turbidity was evident, one loopful 
of the broth culture was spread over an area, having a diameter of about 20 mm., on the 
surface of a plate of solid medium. Seven to nine cultures were tested on a single plate. 
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When the plates with the covers partially removed had become thoroughly dry, a drop of 
the ‘‘O-1’’ phage was placed in the center of each inoculated area by means of a dropper 
delivering about 0.03 ml. The plates were again allowed to dry and were incubated at 
37° C. for a period of six to eighteen hours. At this time they were examined for evidence 
of lysis. 

The loops which were used to spread the cultures were similar to those described by 
Craigie and Yen3 for use in the phage typing of S. typhosa. 

Droppers* should deliver the desired amount of phage when held in an upright posi- 
tion. They should not be allowed to come in contact with the plate during the application 
of the phage. With reasonable precautions in the handling of the phage, no difficulty was 
experienced in maintaining it free of contamination for a period of weeks. 

The choice of media on which the tests are to be performed depends upon the object 
of the investigation. 1f it is desired to detect Salmonella which have been isolated on 
brilliant green agar, colonies should be fished directly from this medium to nutrient broth. 

They are replated on brilliant green agar (Difco) and tested for susceptibility to 
the ‘*O-1’’ phage by the procedure outlined previously. The typical reaction was that of 
alkali production in the area of growth of the Salmonella and complete lysis of the culture 
within the area of phage application. An occasional culture either may be lysed partially 
or the lysed area may be overgrown to some degree by resistant organisms. The use of a 
hand lens for the examination of such tests is helpful. Bacteria which ferment rapidly 
either lactose or sucrose will produce an acid reaction recognized by the development of a 
yellow color by the phenol red indicator. Due regard must be allowed for the fact that 
S. typhosa and 8S. paratyphi C will not grow on this medium. The latter serotype is rarely 
found in the United States, however. Occasional strains of other serotypes, such as S. gal- 
linarum and 8S. pullorum, will fail to grow. If the presence of S. typhosa is suspected, all 
cultures which fail to grow on brilliant green must be retested on MacConkey’s agar using 
the Vi phages (I-IV pool) of Craigie and Yen. This method allows the specific identifica- 
tion of this serotype. Most strains of a few phage types of S. typhosa have proved resistant 
to the action of the ‘‘O-1’’ phage.5 

In this laboratory a modified phenol red medium has been used successfully for test- 
ing the phage susceptibility of enteric bacteria. The mediumt has the following composi- 
tion: 


Bacto-Yeast Extract 3 Gm. 
Proteose Peptone, Difco 10 Gm. 
Sodium Chloride 5 Gm. 
Bacto-Lactose 10 Gm. 
Saccharose, Difco 10 Gm. 
Bacto-Phenol Red 0.08 Gm. 
Sodium Desoxycholate, Difco ] Gm. 
Bacto-Agar 20 Gm. 


The medium should have a pH of 6.9 to 7.0 without further adjustment. 

1t gave results comparable with those obtained on brilliant green agar and, with a 
very few exceptions, allowed unrestricted growth of all organisms of the family Enterobac- 
teriaceae. ‘The elimination of the need for retesting, which occurs with cultures which 
fail to grow on brilliant green, is an obvious advantage. If rapid and specific recognition 
of S. typhosa is an objective, parallel tests of all colonies with ‘‘O-1’’ and with the I-IV 
mixture of Vi phages is feasible. 


RESULTS 


A comparison of the results of phage tests and of tests with polyvalent 
Salmonella serum as applied to 542 consecutive cultures received in this 
laboratory for routine diagnostic study is shown in Table I. It is evident that 

*The droppers used to deliver the phage were selected from stock sold by the A. H. 
Thomas Company as No. 2248-F, plastic caps and dropper assembly. 


7Trade names are used as a means of identifying the product and their use does not 
constitute endorsement by the United States Public Health Service. 
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there is little difference in the two methods in respect to the number of false 
results obtained, for the polyvalent serum is less likely to give false negative 
reactions with a Salmonella than is the phage while it is more likely to give a 
false positive reaction with a non-Salmonella than is the phage. Only about 
2.6 per cent of the Salmonella in this series failed to grow on brilliant green 
agar. 


TABLE I, COMPARISON OF SPECIFICITY OF SERUM AND PHAGE FOR THE 
IDENTIFICATION OF SALMONELLA 








REACTION WITH POLYVALENT 














SERUM 
REACTION WITH ‘‘0-1’’ PHAGE NO. l NO. NOT 
CULTURES TESTED NO. LYSED | NO. NOT LYSED | AGGLUTINATED | AGGLUTINATED 
Salmonella 
Growing on brilliant green 406 10 413 3 
Not growing on brilliant 9 2 11 0 
greent 
Total 415 12 424 3 
Non-Salmonella* 
Growing on brilliant green 3 64 24 43 
Not growing on brilliant 1 47 8 40 
greent 
Total 4 111 32 83 





*These cultures were submitted as enteric pathogens for routine laboratory diagnosis. 
7Retested on MacConkey’s medium. 


The susceptibility of the Enterobacteriaceae to the ‘‘O-1’’ phage is shown 
in Table Il. Except as indicated, all cultures were tested on the modified 
phenol red medium. The Bethesda group of paracolons,® which are often con- 
fused with Salmonella, were uniformly resistant. It is interesting to note that 
all diphasie Arizona paracolons”*® are susceptible, while only a small per- 
centage of the monophasic Arizona types® are attacked by the phage. The 
extremely close relationships between the diphasie Arizona cultures and the 
Salmonella as exemplified by their serologic characteristics, and as demon- 
strated by their reaction to the ‘‘O-1’’ phage is worthy of note. Although the 
antigent mosaic of the monophasic Arizona types also merges into that of the 
Salmonella, the resistance of this group to the phage is striking by com- 
parison. In fact, nine of the ten cultures which were lysed by the ‘‘O-1’’ 
phage (Table II) may actually represent a single original strain, since the 
antigenic formula of all was identical (O and H), and all were received from 
the same geographic area. 

Cultures representative of many serologic types of Escherichia coli and 
other cultures showing strong serologic relationships to the Salmonella are in- 
cluded in the ninety-three cultures listed as Escherichia in Table II. Only one 
culture, an 055:B5, was lysed by the ‘‘O-1’’ phage and then on brilliant green 
agar only. One culture described by Ewing and Hucks’® as a provisional 
Shigella type was susceptible to the phage. Other Shigella representing all 
of the recognized types were negative. Salmonella of all somatie groups, 
with one exception, have proved susceptible to phage action. Thirteen cul- 
tures representing three serotypes of Salmonella having a common O antigen 
(XXXV) resisted lysis by the phage. These cultures were selected for special 
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study and are not included in Tables I or II since no representative of this 
somatic group was encountered among the 427 consecutive, routine cultures 
sent to this laboratory. It is tempting to speculate that phage resistance on 
the part of this group may be correlated with the presence of a K antigen (B4) 
commonly occurring in certain cultures of EL. coli and in serotypes of Salmonella 
O group XXXV as reported by Olarte and Varela.1’ An analysis of the twelve 
Salmonella cultures whose resistance to the ‘‘O-1’’ phage is indicated in Table 
I shows that they consist of six serotypes, as follows: S. derby (4); 8. anatum 
(2); S. newington (2); S. pullorum (2); S. tennessee (1); and S. senftenberg 
(1). Examination of additional cultures (not included in Tables I and II) of 
the previously mentioned types and of other types belonging to these O groups 
revealed a high percentage of phage resistance among those organisms classified 
in Group E of the Kauffmann-White schema. Such cultures possess somatic 
antigen III,X: IIXV: or LUI,XITX. About 300 cultures of Salmonella 
submitted for reference diagnosis and not included in this report have been 
tested for susceptibility to the ‘‘O-1’’ phage. Among this group and also that 
reported on in the present paper, approximately one-half of the cultures which 
were found to be resistant to phage belonged to somatic group E. At the 
present time no explanation can be offered for these facts. Within the limita- 
tions imposed by the choice of indicator strains used, lysogenicity did not ap- 
pear to be a significant factor. 


TABLE II. SUSCEPTIBILITY OF THE ENTEROBACTERIACEAE TO THE O-1 PHAGE 














| | PER CENT LYSED BY 
BACTERIAL GROUPS NO CULTURES TESTED NO. LYSED BY PHAGE | PHAGE 





Salmonella* 427 415 97.0 
Shigella 195 a7 0.5 
Proteus 9 0 0.0 
Serratia 3 0 0.0 
Escherichia 93 i 1.1 
Klebsiella 7 0 0.0 
Aerobacter 7 0 0.0 
Paracolons: 
Bethesda 195 0 0.0 
Arizona: 
Monophasic 162 10 62 
Diphasic 29 29 100.0 
Miscellaneous 95 a 11 





*Tested on Difco brilliant green agar. Repeated on MacConkey’s agar when growth 
failed. All other cultures tested on modified phenol red agar. 
7This culture was described as a provisional type. 


DISCUSSION 


The use of concentrated phage for generic identification of a bacterial 
genus is a departure from the usual methods of application of this agent to 
the separation of bacterial groups. Specificity is not dependent, within wide 
limits, upon adjustment of phage dilutions. The phage typing procedure for 
S. typhosa and for 8. paratyphi B as well as the techniques used for delineation 
of certain Salmonella O groups are dependent upon careful adjustment of 
phage dilution to impose the desired degree of specificity. On the other hand, 
susceptibility of Salmonella to highly concentrated ‘‘O-1’’ phage seems to be a 
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function of some basic genetic or physiologic characteristics which are largely 
confined to Salmonella and to the closely related diphasic Arizona paracolons. 
The only common meeting ground for these two groups which suggests itself 
at the present time is the possibility of mediation of susceptibility by the 
presence of identical or similar rough antigens. Certainly, many rough 
Salmonella cultures in which no O antigens can be recognized are susceptible 
to lysis by the ‘‘O-1’’ phage. 


SUMMARY 


A rapid, inexpensive, simple, and specific technique for the identification 
of the genus Salmonella by means of a bacteriophage is described. Such a 
procedure should be applicable to the screening of Salmonella during surveys 
to determine the incidence of enteric pathogens or in other circumstances 
where large numbers of colonies from isolation plates must be processed. The 
uniform susceptibility of the diphasic Arizona paraco!ons to the ‘‘O-1’’ phage 
constitutes a diagnostic tool by means of which the ecology and the patho- 
genicity of this group may be clarified. The cost of materials used in phage 
tests is approximately one-tenth that of agglutination tests employing poly- 
valent Salmonella serum and the two methods are of comparable although 
inverse specificity. From 200 to 400 cultures can be tested with ease by one 
person during a single work day. 


We wish to thank Dr. A. Felix of the International Reference Laboratory for Enteric 
Phage Typing for supplying the original specimen of phage used in this work. We also 
express our appreciation to Dr. W. H. Ewing and Miss Mary G. West of the Communicable 
Disease Center, Chamblee, Georgia, for counsel and for supplying many of the cultures 
used in these experiments. 
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INFLUENCE OF REPEATED HISTOPLASMIN SKIN TESTS ON 
PRECIPITINS AND COMPLEMENT-FIXING ANTIBODIES 


S. B. Satvin, Pu.D.,* R. W. Weser, M.D.,** D. B. Lackman, Pu.D.,* 
JANE NisuHi0, M.S.,* anp GuApys MENGEs, R.N.*** 
HAMILTON, MontANA, AND KANSAS City, KAN. 


ISTOPLASMOSIS in human beings has been shown to give rise to 

homologous precipitating and/or complement-fixing antibodies.’* These 
antibodies have at times been transitory, especially in mild or acute cases; at 
other times, they have been detected over an extended period. Complement- 
fixing antibodies, for example, have persisted in some eases as long as four to 
five years from the time of onset of disease.° 

Since patients are frequently skin tested shortly before serum is drawn for 
serologic assay, the possibility exists that in such eases, the presence of humoral 
antibodies may be an expression of booster response in a sensitive individual. 
Recently, twenty-two normal volunteers were skin tested weekly for seven weeks 
with 0.1 ml. of a 1:100 dilution of histoplasmin (lot H-40).° No significant 
change in skin reactivity was noted during the period of study. Ten of fifteen 
patients who reacted to histoplasmin, however, showed a change in humoral anti- 
bodies. Six of the positive reactors developed significant titers in the collodion- 
agglutination test between the third and sixth week after the initial skin test. 
Of the four other skin reactors, all showed transient reactions. The conelu- 
sion was drawn that repeated weekly histoplasmin skin tests may result in 
positive collodion-agglutination reactions in skin-test-positive individuals. 

Another group of twenty-five healthy volunteer medical students, fourteen 
of whom were skin-test positive, received six weekly intradermal injections 
with 0.1 ml. of lot H-42 histoplasmin (1:100).’ Fifty-seven per cent of the 
fourteen histoplasmin-positive students exhibited a rise in antibody as 
measured by the collodion-agglutination test. When the complement-fixation 
test was used, sera of 79 per cent of the skin-sensitive students showed a rise 
in antibody with a soluble supernate of the ground cells of the yeast phase as 
antigen, and 86 per cent with histoplasmin as antigen. 

Since the value of some serologic results might be questioned because of 
possible booster effects, it seemed advisable to determine the extent to which 
such effects might occur. Accordingly, thirty-two healthy human volunteers 
were skin tested with histoplasmin five times over a period of eight weeks, 
and several serologic methods were employed to test the effect of this pro- 
cedure on the level of antibody. Results of testing sera from these volunteers 
by two complement-fixation techniques (each with three different antigens) 
and by one precipitation technique are presented in this paper. 
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MATERIALS AND METHODS 


Thirty-two medical students, most of whom were residents of Kansas, were accepted 
at random for study. Blood was drawn from each of the individuals before the intra- 
dermal skin tests. One tenth milliliter of a 1:100 dilution of histoplasmin (H-42) was 
employed with fresh dilutions made each week prior to actual use. The patients were 
skin tested five times and bled at intervals over a period of eight weeks (as indicated in 
Table I). 

Precipitation tests were carried out with broth filtrate from the mycelian phase 
cultures as antigen. Undiluted serum and dilutions of antigen were drawn into three-inch 
lengths of capillary tubing, incubated for two hours at 37° C., and refrigerated for thirty- 
six hours at 3° to 5° C. A control of uninoculated asparagine-glucose medium was included 
in each test.1 

The complement-fixation tests were carried out by both 100 per cent and 50 per cent 
end-point techniques. In the former technique, a Bengtson-type test2,8 was used with 
two full units of complement, two units of hemolysin, two one-hour fixations at 37° C., and 
that amount of antigen which gave the highest complement-fixation titer with a serum of 
known capacity. In the second type, the test of Kent and Rein, as performed by Saslaw 
and Campbell,1° was used, with three 50 per cent units of complement, and overnight 
fixation at 3° to 6° C. between the primary and secondary fixations (AMS type). An 
optimal antigen dilution was also used in this test. 

Three antigens were used in the complement-fixation tests. a. Whole cells of the 
yeast phase, grown in broth* for five days at 37° C., were killed by exposure to 56° C. for 
one hour, washed, and resuspended in saline solution.1 b. Whole cells, grown in the 
previously mentioned broth were killed by exposure to 1:10,000 Merthiolate for five days 
at 37° C. The organisms were then ground at 3° to 5° C.; the mixture was centrifuged, 
and the clear supernate used as antigen. One lot of antigen was ground by hand! a 
second lot was ground in a Mickle tissue disintegrator. e¢. The broth filtrate from 
mvycelian growth was prepared by growing the mycelium on the surface of an asparagine- 
glucose broth, as described by Smith.11 


RESULTS 

Fourteen of the thirty-two medical students showed no skin reactivity at 
any time during the course of these experiments. With one exception, none 
of the fourteen skin-negative individuals showed antibodies against any of the 
antigens in the serologic tests employed in this study. That exception was one 
individual (T. M.), whose serum on the fourth week had a 1:5 titer in the 
presence of soluble yeast-phase antigen in the complement-fixation test, in which 
three 50 per cent units of complement were employed. 

Kighteen of the thirty-two medical students showed a skin-test reaction 
to histoplasmin after the first bleeding. These reactions varied from very 
weakly positive, as shown by induration diameters of 5 to 9 mm., to those which 
showed a very marked and extensive area of induration of up to 20 to 25 mm. in 
diameter. After five skin tests within an eight-week period, none of the in- 
dividuals showed a marked increase in transverse diameter of the induration 
area. Several patients had brief fluctuations in the degree of skin reactivity, 


*Difco casamino acids 1 Gm. 
Dextrose 

Yeast-extract dialysate, equivalent of 
Sodium chloride 

Cysteine hydrochloride 

Potassium chloride 

Disodium phosphate 

Distilled water to make 
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although no trend toward increase or decrease of induration area was evident in 
any individual. It seemed, therefore, that repeated injections of histoplasmin 
did not influence the size of the skin reaction in skin-positive individuals. 

TABLE I. RESULTS OF COMPLEMENT-FIXATION TESTS WITH THREE 50 PER CENT UNITS OF 


COMPLEMENT AND OVERNIGHT FIXATION AT 3° TO 6° C. (AMS-Type TEST) ON SERA FROM 
THOSE PATIENTS WHO HAD POSITIVE SKIN TESTS 








TIME (IN WEEKS ) 











SUBJECT ANTIGEN 1 | 2 | 3 | 4 | 6 | 8 
D. A. SYP AC 20 ND 20 5 20 
H AC 20 ND 10 10 10 
WYC AC 10 ND 10 5 10 
M. I. A. SYP 0 0 0 0 5 0 
H 0 5 10 10 10 5 
WYC 0 0 0 0 0 0 
H. A. SYP 0 0 0 40 20) 0 
H 0 0 0) 20 10 0 
WYC 0 0 0 10 10 0 
R. B. SYP 0 0 10 10 10 10 
H 0 5 20 10 20) 10 
WYC 0 0 5 0 5 5 
B. B. SYP 0 0 0 0 0 0 
H 0 0) 5 0 0) 0 
WYC 0 0 0 0 0 0 
W.C. SYP AC 0 10 10 10 ND 
H AC > 10 10 10 ND 
WwYC AC 5 0 0 5 ND 
V. E. SYP AC 20) 20 20 10 10 
H AC 0 10 10 10 5 
WYC AC 0 0 0 5 0 
kK. H. SYP AG 0 ND 0 ND 5 
H AC 0 ND 0) ND 0) 
WYC AC 0 ND 0 ND 0 
G. E. 8. SYP 0 40 2) 20) 2) 2() 
H 0 5 40 40 40 40 
WYC 0 0 0 0 0 0) 
R. W. SYP AC 0 0 0 0 5 
H AC 0 20 pd | 10 10 
WYC AC 0 0 5 2 5 
In Tables I and II, SYP : Soluble supernate from ground cells of the yeast phase. 
H : Broth filtrate from the growth of the mycelium 


asparagine broth (histoplasmin). 
WYC: Whole cells of the yeast phase. 
AC : <Anticomplementary serum. 
ND _ : Not enough serum available to conduct test. 

“0” indicates a titer of less than 1:5. 

None of the skin-test-positive patients had precipitins evident in the sere 
from the first bleeding. Two subsequently did show a change in the precipita- 
tion reaction, however. When the sera of the first of these two patients were 
examined by optimal-proportion techniques, slight precipitates developed in 
the eapillaries with serum dilutions of 1:2 and undiluted during the third and 
fourth weeks, respectively. When the sera of the other patient were examined 
by optimal-proportion techniques, slight precipitates were present in serum 
dilutions of 1:2, 1:2, and undiluted during the fourth, fifth, and sixth bleedings, 
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respectively. It is to be emphasized that these precipitates, even at the point of 
optimum dilutions, did not approach in size or opacity those seen with sera 
in proved or probable active cases of histoplasmosis. These sera, therefore, 
would not be considered ‘‘ positive,’ but merely ‘‘doubtful.’”’ 

TABLE II. RESULTS OF COMPLEMENT-FIXATION TESTS WITH Two 100 PER CENT UNITS OF 


COMPLEMENT (BENGTSON-TYPE TEST) ON SERA FROM THOSE PATIENTS WHO HAD 
POSITIVE SKIN TESTS 











TIME (IN WEEKS ) 








SUBJECT ANTIGEN 1 | 2 | 3 | 4 | 6 | 8 
D. A. SYP 0* 2 ND 0 (at1:4) 0 0 
H 0 ND ND ND 4 4+ 
WYC 0 0 ND 0 0 0 
H. A. SYP 0 0 ND ND 0 0 
H 0 ND ND ND 4 4 
WYC 0 0 0 0 0 0 
M.L. A. SYP 0 0 0 0 0 0 
H ND 4 4 4 4 4 
WYC 0 0 0 0 0 0 
R. B. SYP 0 ND 0 0 0 0 
H ND ND 4 ND 8 4 
WwYC 0 0 0 0 0 0 
Bas: SYP 0 0 0 0 0 0 
H ND 4 8 4 ND ND 
WYC 0 0 0 0 0 0 
W.C. SYP ND 8 4 ND 4 ND 
H ND 8 ND ND 4 ND 
WYC 0 0 0 0 0 0 
V. E. SYP AC 0 2 2 ND 2 
H ND ND ND ND ND 4 
WwYC 0 0 0 0 0 0 
Ki. SYP a ae 0 ND 0 ND g 
H ND ND ND ND ND 4 
WwYC 0 0 0 0 0 0 
G. E.S. SYP AC 0 4 4 2 ND 
Hi ND ND ND 4 4 ND 
WYC 0 0 0 0 0 0 
R. W. SYP 0 0 0 0 0 0 
H ND 0 4 AC ND 4 
WwYC 0 0 0 0 0 0 





For key to abbreviation see Table I. 
*“0"’ indicates titers of less than 1:2. 


Fixation of complement was essentially negative in sera from the first 
bleeding. Results in the complement-fixation tests with the sera subsequently 
drawn depended on the nature of the antigen and on the type of test. Histo- 
plasmin and the soluble supernate from ground cells of the yeast-phase-fixed 
complement with some sera from the skin-positive individuals after they had 
been repeatedly skin tested. This demonstration of antibodies by the two 
soluble antigens occurred in both types of complement-fixation tests, although 
the titers were much higher in the test employing three 50 per cent units of 
complement (AMS-type test). In the AMS-type test (Table I), sera from nine 
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of the eighteen skin-positive students showed antibodies on at least one bleed- 
ing date in the presence of the soluble supernate from ground cells of the yeast 
phase as antigen, sera from nine showed antibodies with histoplasmin as 
antigen, and sera from six showed antibodies with whole yeast cells as antigen. 
The antibodies were of a lower titer and of shorter duration with the whole 
cells as antigen than with either the soluble supernate or histoplasmin. That 
antibodies were detectable in sera for shorter periods of time when whole cells 
were used as the complement-fixing antigen is indicated by the fact that of 
the sera drawn after the students had been skin tested at least once, 26 of 51 
(51 per cent) were positive with the soluble supernate from ground yeast cells 
as antigen, 34 of 51 (67 per cent) were positive with histoplasmin as antigen, 
and only 15 of 51 (29 per cent) with whole yeast cells as antigen. 

In the Bengtson-type test (Table II), with histoplasmin as antigen, ten 
individuals who had been skin tested repeatedly had at least one positive 
serum; with the soluble antigen from ground cells of the yeast phase as 
antigen, five individuals had positive sera. These titers were generally lower 
and less frequent than those seen in the more sensitive AMS-type test (Table 
I). In this Bengtson-type test with whole cells of the yeast phase as antigen, 
however, not one of the eighteen sera from the skin-positive individuals who 
had been repeatedly skin tested showed the development of complement-fixing 
antibodies. 


DISCUSSION 


Histoplasmin is now used extensively as a skin-testing antigen in patients 
suspected of having histoplasmosis. Frequently, after a positive skin test has 
developed, serum is drawn and assayed for antibodies against Histoplasma 
capsulatum. It is therefore essential to know whether reactions in a given 
serologic test are altered by skin testing with histoplasmin. Obviously, the ideal 
situation would involve bleeding the patient before a skin test is performed. 
The fact that the histoplasmin skin test is a good tool for differentiating those 
patients who have or have had histoplasmosis from those who have not, however, 
may lead some investigators to skin test a patient before drawing blood for 
serologic assay. 

After only one skin test, seemingly healthy skin-positive individuals have 
been shown not to yield antibodies demonstrable by collodion-agglutination or 
by a complement-fixation technique with a soluble extract from the yeast phase 
as antigen.* ’ When a sensitized patient’s serum is tested after two or more 
skin tests, however, antibodies have been demonstrated by two different tech- 
niques: a. by collodion-agglutination test with histoplasmin adsorbed onto 
collodion particles;* and b. by a complement-fixation test in which three 50 per 
cent hemolytic units of complement were used with overnight fixation and in 
which either histoplasmin or soluble supernate from ground ceils of the yeast 
phase were employed as antigen.’ Is this booster response so pronounced that it 
ean be expected to mar the significance of serologic testing of serum drawn after 
a patient has been skin tested? Or is this a response that is more likely to occur 
with one particular test or antigen than another? 
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The results reported in this paper indicate that the test and the antigen 
are of great importance in determining antibody production after two or more 
skin tests. For example, the more highly sensitive of the complement-fixation 
tests with histoplasmin or the soluble supernate from ground cells of the yeast 
phase as antigen tended to show antibodies after a sensitized individual had been 
skin tested several times. When whole cells of the yeast phase were used in 
this same highly sensitive complement-fixation test, the number of individuals 
with positive titers, as well as the amount of demonstrable antibody in the 
positive individuals, was less. When a slightly less sensitive test was used with 
the whole yeast cell as antigen, none of the eighteen skin-test-positive individuals 
who had been skin tested five times showed complement-fixing antibodies. 
Apparently, then, the booster response in sera from patients who have been skin 
tested several times is more pronounced to one type of antigen, i.e., the one that 
is contained in the histoplasmin used in skin testing. 

The precipitin test did not show distinetly positive reactions in the fore- 
going studies. This is in contrast to the collodion-ageglutination test,® 7 which 
has been described as showing humoral antibodies in 18 of 29 skin-positive 
patients (62 per cent) after these individuals had been skin tested several times 
with histoplasmin. 

It is to be emphasized that the studies described in this paper were con- 
ducted on apparently healthy individuals. Therefore, the possibility should 
be borne in mind that patients in the acute or convalescent phases of histo- 
plasmosis may show a greater response than normal individuals. It is aceord- 
ingly recommended that if possible, blood be drawn prior to skin testing. Also, 
a serologic test should be used which would tend not to show antibodies in 
healthy skin-positive individuals who had been repeatedly skin tested. Such 
tests seem to include a Bengtson-type complement-fixation test with whole eells 
of the yeast phase as antigen, or a precipitation test with broth filtrate from 
the myeelian growth as antigen.* 


SUMMARY 


Repeated positive histoplasmin skin tests in normal medical students did not 
show inereases in antibody titers when whole cells of the yeast phase were used 
as antigen in a Bengtson-type complement-fixation test or when a soluble 
supernate from the growth of the mycelian phase in broth was used as antigen 
in a precipitation test. A booster response, however, as evidenced by increased 
antibody titers, was apparent when histoplasmin or the supernate from ground 
cells of the yeast phase was used as complement-fixing antigen. 
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DETERMINATION OF IRON IN SMALL AMOUNTS OF SERUM AND 
WHOLE BLOOD WITH THE USE OF THIOCYANATE 


Hvueu W. JosEpus, M.D. 
BALTIMORE, Mp. 


Wri... employing thiocyanate for the determination of iron have been 

little used in recent years, especially in this country. About fifteen years 
ago, the methods then in use were criticized by a number of investigators.’ 
There appears to be no doubt that the final color is subject to modification by 
changes in acidity, presence of phosphates, and possibly other substances; but 
many of the difficulties had already been successfully met and others were not 
insuperable.* ** 7 In spite of the difficulties, which are real, the use of 
thiocyanate has a number of advantages,® especially that the intensity of the 
color extracted in a proper organic solvent is such as to permit an accurate 
determination on considerably less material than is required by other meth- 
ods. * #% 1° For the determination of serum iron in infants and children this 
advantage was felt to be great enough to outweigh the disadvantages. Accord- 
ingly, a method using thiocyanate has been worked out which has been in satis- 
factory use for about two years. 


METHOD FOR SERUM 


In general the procedure is the following: the serum iron complexes are broken up by 
acid digestion; proteins are precipitated with trichloroacetic acid; after centrifugation the 
iron in the supernatant is oxidized to the ferric state and determined colorimetrically as ferric 
thiocyanate in an ethyl acetate extract. 

The details of the method are as follows: 

A. Preparation of Reagents.— 

1, Hydrochloric acid: This is prepared by distillation from concentrated HCl, then made 
up to approximately 0.2 N. 

2. Trichloroacetic acid: This is purified by vacuum distillation, then made up to a 25 
per cent solution with iron-free distilled water. 

3. Ammonium thiocyanate: This is made up to 30 per cent. It is then purified by 
repeated extraction with 20 per cent of its volume of ethyl acetate. Three extractions should 
be sufficient. A slight color in the ethyl acetate will persist on further extraction, This may 
he disregarded. 

4, Distilled water: If it is found to contain iron it should be redistilled. To test, place 
2 ml. in an iron-free glass-stoppered cylinder, add 1 drop of 20 per cent HNO,, heat in a 
boiling water bath for ten minutes, and add 0.3 ml. thiocyanate reagent and 0.5 ml. ethyl 
acetate. Shake and allow to separate. If there is a recognizable pink shade in the ethyl 
acetate, there is too much iron. 
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5. Iron standard: Dissolve iron wire (for analysis) in an excess of sulfuric acid to 
which a small amount of nitric acid has been added. The stock solution should be made up 
to contain 2 mg. per milliliter. In making up this stock, ordinary distilled water may be 
used. From this a second stock is prepared to contain 50 wg per milliliter from which a more 
dilute working solution containing 5 to 10 wg per milliliter is prepared on the day on which it 
is to be used. The solution containing 50 wg per milliliter can be kept for about a month. 


6. Ethyl acetate (Merck reagent and Eimer and Amend reagent): This was found to 
be free of iron as used. It was therefore unnecessary to purify it further. 

7. For use with the serum iron method the nitric acid is diluted with an equal quantity 
of distilled water (iron-free). When the laboratory distilled water was heated with a drop 
of this 50 per cent nitric acid and tested as described previously, no color was obtained, from 
which it was concluded that neither the water nor the nitric acid contained sufficient iron 
to be appreciable. Not all samples of nitric acid will necessarily be free of all trace of iron, 
however. For this reason, 20 per cent nitric acid is suggested in testing the distilled water, 
to minimize the possible effect of iron in the acid. For use in the determination any slight 
iron impurity in the nitric acid will appear in the blank, and as long as the value of the 
blank is not excessive, one need not go to great lengths to eliminate it. 

The reagents should be kept in glass-stoppered bottles protected by some form of dust 
cap. Pipettes should not be dipped into the stock bottles unless the pipettes are kept 
meticulously free of iron and thoroughly protected from dust. 


Glassware.—The tubes for collection of blood should be placed in cleaning solution 
over night, then rinsed thoroughly with iron-free distilled water and dried free of contact with 
dust. They may be stoppered with clean cork stoppers. It is well to avoid contact between 
the stopper and the specimen, but in my experience this is not a source of error. No tube 
should be used of which the cleaning history is unknown. Syringes should be similarly treated 
unless they are found to be routinely free of iron. 


Pipettes should preferably be kept separate to be used for this one method. If this can 
be done, they need only an initial treatment with cleaning solution. Thereafter they may be 
simply rinsed with distilled water after each use and kept under dust-free conditions. 

In a method such as this, in which small amounts of solution have to be handled, the 
ordinary use of graduated transfer pipettes will not suffice. All transfers are made with 
capillary pipettes fitted with rubber nipples. This method does not allow for measurement 
and a special measuring device had to be prepared. This was done by breaking a 10 ml. 
transfer pipette with graduations reaching to the tip about 2 to 3 inches from the tip. The 
tip was then carefully sealed. This gave a 2 to 3 ml. cell graduated in tenths of a milliliter, 
into which fluid could be transferred, measured, and removed again to any extent desired.* 

For the final preparation for colorimetry 5 ml. glass-stoppered graduated cylinders are 
used. After initial cleansing and rinsing, it is sufficient that they be rinsed after each use 
and kept inverted until the next use. The glass stoppers should be thoroughly rinsed just 
before use. They may be handled with one’s fingers provided these have been scrubbed with 
soap and rinsed with distilled water. 

The capillary pipettes used for transfers are made by drawing out ordinary glass tubing 
to form a capillary long enough to reach to the bottom of the tubes. A separate one should 
be kept for each procedure. As in the case of the pipettes they need only an initial cleaning 
with cleaning solution. Thereafter they may be merely rinsed after each use. If any 
deposit remains after rinsing, however, they should be retreated with cleaning solution, 


‘ 


B. Stages of the Procedure.— 
1. After separation, measure the amount of serum to be analyzed into an iron-free 
Wassermann tube. It is desirable to have 1.0 to 0.8 ml., but as little as 0.5 ml. can be used 


*There are other ways in which the probiem of measurement might be met: (1) Capil- 
lary pipettes might be made of heavier material (to avoid breakage) and calibrated between 
1 and 2 ml. so that transfer and measurement could be made in one operation. (2) Tubes of 
appropriate bore, of a length convenient for centrifuging, fitted with glass stoppers, and 
calibrated between 1 and 2 ml. could be used in place of the glass-stoppered cylinders. 
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with accurate results. If more than 1 ml. of serum is used, the amount of the reagents next 





to be added will have to be proportionately increased. 

2. Add to the serum 0.4 ml. of 0.2 N HCl and heat at 70° to 80° C. for ten minutes, to 
liberate the iron from its combination with globulin. 

3. After the acidified serum has cooled to room temperature, add to it 0.4 ml. iron-free 
distilled water and 0.4 ml. trichloroacetic acid and mix thoroughly. Allow to stand for about 
fifteen minutes with occasional mixing, then centrifuge at sufficient speed to throw down the 
protein precipitate in a solid mass leaving a clear supernatant. 

The specified amounts of HCl and trichloroacetic acid are minimum safe amounts for 
use with no more than 1 ml. of serum. The 0.4 ml. of water is added to increase the amount 
of fluid to facilitate handling, but more should not be used since too great a dilution leads 
to incomplete protein precipitation. The sum of the separate amounts of serum, HCl, trichlo- 
roacetic acid, and distilled water should be recorded as the total fluid (T.F.) to be used 
later in the calculation of results. The same amounts of reagent can be used with smaller 
amounts of serum down to 0.5 ml. 

The duration and speed of centrifuging should be such that the precipitate is sufficiently 
packed to allow the removal of a clear supernatant. Five minutes at 2,000 r.p.m. is sufficient. 

4. Transfer the supernatant to a 5 ml. glass-stoppered graduated cylinder. It is not 
necessary to transfer all or any specified amount. The only requisites are that it be uncon- 
taminated with any of the precipitate, and that it be measured and recorded. One reason for 
the use of graduated cylinders is that it is possible to use the graduations for the measure- 
ment of the supernatant, provided these have been tested and found to be accurate. Although 
it is not necessary to transfer all the supernatant, it is desirable to transfer as much as 
possible. The amount of iron present in the serum in many cases may be so small as to 
approach the lower limit of useful galvanometer deflection. Naturally the greater the amount 
of material available for colorimetry the better. 

5. Next, add 1 drop of 50 per cent HNO, to the supernatant in each cylinder, and place 
the cylinders in a boiling, or near boiling, water bath for ten minutes, then cool to room 
temperature. 

At this point, the iron transferred in the supernatant is in ferric form ready for the 
last step that will develop the color. From this point, the procedure may have to be varied 
for the type of colorimeter to be used. As given here, it has been devised for the micro- 
attachment of the Evelyn colorimeter. For use in other colorimeters the principal difference 
would be in the amount of ethyl acetate to be added and the transfer procedure depending on 
whether or not it is necessary to transfer a measured amount. 

6. When the cylinders have cooled, add to each 1.2 ml. ethyl acetate, followed by 0.3 
ml, ammonium thiocyanate reagent. Each cylinder should be stoppered and shaken violently 
for a few seconds immediately after the addition of the thiocyanate, then allowed to stand. 
As soon as the ethyl acetate layer has cleared,* it is ready for colorimetry. The color is 
relatively stable in ethyl acetate, but may fade rather rapidly in aqueous solution if the 
ethyl acetate is added after the thiocyanate. Although the color is relatively stable, it is 
probably best not to prepare more than three cylinders at a time, and to read them within 
ten minutes, 

7. With one of the capillary pipettes, transfer sufficient of the ethyl acetate layer to 
fill one of the measuring cells to the first milliliter graduation. Then transfer exactly 0.9 ml. 
to the microcolorimeter cuvette. The accuracy of this procedure is of the utmost importance, 

*The ethyl acetate layer should be clear in a minute or two. Occasionally emulsion 
formation may be troublesome. A slight residual cloudiness can easily be cleared by centrifu- 
gation, but if it is marked and persistent, iron will almost certainly be lost. In the majority 
of instances this has been found to be associated with inadequate protein precipitation. 
Increase in the amount of trichloroacetic acid was considered inadvisable because of its high 
“blank” value. It was found, however, that when the serum was heated sufficiently at step 2, 
even to the point of coagulation, the emulsion formation was practically eliminated. Whether 


this procedure leads to better precipitation or merely denatures the protein to the point where 
it no longer interferes with iron recovery has not been determined. 
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for only by this means can one ensure constancy in depth of solution in the colorimeter cuvette. 
The glass plungers supplied to ensure a constant depth are coated with a substance that gives 
off sufficient iron to interfere with the results. It is difficult to avoid transferring some of 
the aqueous layer along with the ethyl acetate from the cylinder to the measuring cell. As 
long as the amount is not sufficient to interfere with the transfer of ethyl acetate to the 
colorimeter cuvette, it may be disregarded. 

8. The reading is made on the micro-attachment with the 540 filter and with the 
galvanometer set at 100 for exactly 0.9 ml. ethyl acetate, transferred from the measuring cell 
as described previously. Blank readings are made on a mixture of 0.4 ml. HCl, 0.4 ml. 
trichloroacetic acid, and 0.4 ml. iron-free distilled water treated exactly as is the unknown 
beginning with step 5. 

Between each determination, the measuring cell and colorimeter cuvette should be rinsed 
with ethyl acetate. The cuvete should also be wiped out with a rolled-up ash-free filter paper, 
to remove any moisture left after removal of the ethyl acetate.* 


C. Calculations.— 


The following abbreviations are used for convenience: 


ae, Total fluid — (milliliters serum + HCl + trichloroacetic acid + water) 

Sn Supernatant (amount transferred to cylinder in step 4 containing the iron on which 
the analysis is carried out). 

G Galvanometer reading. 

Lg Color density corresponding to galvanometer reading (2 — Log G). 

Ls Color density corresponding to the iron present in mixture of serum and reagents 
present at the time of the protein precipitation. This is not actually determined but 

Ti. 

is calculated from Le. (Lg — Lg x “on 


Le = Ls —L value of blank. 


It is assumed that all the iron, including that of the blank, present at the time of the 
protein precipitation is distributed in equal concentration between the supernatant removed 
for analysis and the material remaining behind after removal of the supernatant.t The value 
for the color density as determined (L,), representing the proportion of total iron present in 
the supernatant, must be multiplied by the ratio of total fluid to supernatant to obtain the 
color density (Ls) that would have been obtained had all the iron been determined, From 
this is subtracted the L value for the blank. The result divided by the amount of serum gives 
the L value for 1 ml. of serum. In Table I are contained determinations on two samples of 
serum with details to illustrate the calculations. They also illustrate the effect of varying 
the amount of serum and the effect of heat on the initial HCl digestion. The results are given 
in figures for color density. Translation of this figure into micrograms of iron is accomplished 
by use of a factor the determination of which requires that the method be calibrated with 


standard iron preparations, 


*The initial cleaning of the microcolorimeter cuvette introduces no problem. Apart from 
washing with soap or detergent to get a clean glass surface, it need only be extracted with 
ethyl acetate under the conditions in which it is to be used. The simplest procedure is to 
carry out a “dummy” blank determination and, after removing the ethyl acetate, wipe out 
the cuvette with a rolled-up ash-free filter paper. The only material with which we are 
concerned is that which might give an extractable color with thiocyanate; if this has been 
removed and the bottom of the tube is clean,‘no more cleansing is necessary. Even this 
procedure need not be repeated if the cuvette is used only for this determination and is kept 
under dust-free conditions, since each determination leaves the cuvette free of detectable iron 
and we are not concerned with undetectable iron. 

+This assumption is one that is tacitly made in any method in which protein is pre- 
cipitated, including other methods for iron. In earlier work, however, the possibility of a 
“co-precipitation” of iron was much discussed.*;7 Moore and associates,’ after a study of this 
possibility, concluded in confirmation of the statements of others that after initial acid diges- 
tion the iron appeared quantitatively in the trichloroacetic acid filtrate. Moreover, as will be 
shown, calculation based on this assumption gave the same figures for iron recovery whether 
the iron was added before or after the precipitation of the protein. 





sake aaa a 











aaa 





Volume 44 


DETERMINATION OF IRON WITH USE OF THIOCYANATE 


67 




















Number 
TABLE I. CALCULATION OF COLOR DENSITY PER MILLILITER OF SERUM 
___ SERUM | wal | roa* | tr. | sn | | 
Sample! ml.| ml,} ml. | ml.! ml, G Lig lg | tay] Tet 
Noe; 10 05 V4 22 40 83 081 128 <10G 106 
1 0.8 0.5 0.4 20 140 84 .075 .107 .085 ~~ ~.106 
0.6 0.5 0.4 418 1.40 86, .067 .086 .064 .107 
0.4 0.5 0.4 1.6 1.30 88 .053 .066 .044 +#&.110 
Blank 0.5 0.4 fe i 95 .022 = P: = 
No. 1.0 0.3 0.4 2,1 3 822 084 .136 .116 .116 Serum heated with HCl 
2 0.5 0.3 0.4 16 14 S88 .055 .080 .060  .120 
0.3 0.3 O4 26 ob 90 .046.. 055 035: 217 
10 03 04 21 1.5 88, .081 .118 .093 .0938 Serum unheated 
0.5 0.3 O4 16 1.35 86 .063 075 .055 .110 
cS Os 0.4 1.6 1.4 90, .046 .053 .033 = .110 
Blank 0.3 0.4 2 fs 95  .020 ¥ a = 





*TCA refers to trichloroacetic acid. 


TABLE II, 


The other abbreviations are explained in the text. 


CALIBRATION WITH STANDARD IRON, USING 0.5 ML. HCl 




















IRON | Hcl. | | IRONt CALC. 
(Y) | (ML.) | G Le Le Fo" (7) 
3.0 a) 46° 337 327 9.2 2.65 
ak oO 462 oon 022 8.4 2.6 
2.5 oO 49° 510 .000 8.5 2.43 
2.0 oO 542 264 .254 7.9 2.05 
1.6 Oo 62° 208 .198 8.1 1.60 
1.6 m3) 60° 22; 212 7.6 LL] 
1.2 mt) 702 152 .142 8.4 1.15 
8 a 772 st 101 7.9 82 
8 o 77 sks .103 7.8 83 
.64 25 802 094 .084 7.6 .68 
) a 852 068 .058 8.6 AT 
5 3, 842 073 .063 7.9 ol 
32 oO 892 .048 .038 8.4 <aUE 
16 oO 33. 029 019 8.4 153 
Blank oo 98 010 - - - 
Mean value of Conversion factor 8.07 
*Fe (Conversion factor) = ees 


Lie 


tIron calculated from Le using mean value of conversion factor. 


TABLE IIT. 


CALIBRATION WITH STANDARD IRON USING FIVE-TENTHS MILLILITER HYDROCHLORIC 


ACID AND FOUR-TENTHS: MILLILITER T.C.A. 





Hcl. 








IRON | T.C.A. | | IRON CALC. 
(y) (ML. ) (ML) | G te - | Fo | (y) 
3.0 3) 4 43 367 .346 8.7 2.84 
2.5 0 4 472 1a20 302 8.3 2.48 
2.0 5 4 55 .260 239 8.4 1.97 
1.5 oO 4 622 .204 183 8.2 1.50 
1.6 3) 4 713 .144 123 8.1 1.01 

8 o A 76 119 .098 8.2 .805 

6 3) 4 801 .096 075 8.0 .616 

4 5 A 851 .069 .048 8.3 394 

2 Bs 4 893 .047 .026 Te 213 
Blank 5 4 951 021 a 
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D. Standardization.—This consists of two parts. (1) Determination of the relation of 
color density to micrograms of iron under standard conditions and under the influence of 
changes, especially acidity, amount of aqueous solution, possible excess of trichloroacetic acid. 
(2) Determination of the color density-concentration relationship in the case of serum. 

1. Calibration with standard iron solutions: A standard solution containing 10 ug of 
iron per milliliter was made up immediately before use. From this the desired amounts 
were pipetted into a mixture of 0.5 ml., 0.2 N HCl, and 0.5 ml. of iron-free distilled water 
contained in a series of cylinders. For this purpose a 0.2 ml. graduated pipette was used, 
the accuracy of which was determined to be adequate. (Exax Blue Line.) To each cylinder 
1 drop of 50 per cent nitric acid was added and the procedure was continued as detailed 
previously from step 5. The results are contained in Table II and Fig. 1. 
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Fig. 1.—Calibration of colorimeter with standard iron. The solid circles represent 
standard solution made up with 0.4 ml. HCl. Those made up with HCl and trichloroacetic 
acid are represented by hollow circles. 





Increase in the total amount of fluid by addition of distilled water made no difference 
in the calibration. When 0.3 ml. of trichloroacetic acid was included in the calibration, the 
results were as shown in Table III (also contained in Fig. 1). The results indicate that 
addition of trichloroacetic acid has caused a slight diminution in color density—about 2 per 
cent. It was a priori conceivable that differences in amount of protein might give rise to 
differences in the amount of trichloroacetic acid remaining in the supernatant and so influence 
the results. The smallness of the total effect makes this unlikely. Moreover, in Table I, 
the color density was proportional to the amount of serum from 1 ml. to 0.4 ml in the 
presence of the same amount of trichloroacetic acid in each instance. 
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2. Calibration in the presence of serum: This is a more complicated procedure, since 
there is no way of knowing a priori the amount of iron in serum. The method used was 
indirect and consisted in determining the color density of two samples of the same serum to 
one of which was added a known amount of iron. The difference between the two Lg values 
represents the L value for the added iron (Ly,). The assumption was made that the relation- 
ship between the added iron and the corresponding L value would be the same as that for 
the iron originally in the serum, and therefore could be used as a factor for converting the 
L, value for serum into micrograms of iron. 

The results are contained in Table IV. It is evident that there is something in serum 
carried over into the supernatant that interferes with color development, as is shown by a 
higher conversion factor (factor by which the L value must be multiplied to obtain the figure 
for micrograms of iron). The over-all variation in this factor in normal cases, from which 
an average was computed, is considerable (8.7 to 9.6), but it must be remembered that this 
result involves the subtraction of two values, each one of which has an error, so that there 
would be expected a considerable error in the difference. For this reason it is felt that the 
rather wide range of values is not excessive and that the average can be used as a factor to 
convert figures for color density to those for micrograms of iron in the case of serum. From 
Table IV the average conversion factor was found to be 9.1. 


TABLE [V. DETERMINATION OF FACTOR FOR CONVERTING VALUE FOR COLOR DENSITY TO 
MICROGRAMS OF IRON IN CASE OF SERUM 





























IRON 
SERUM ADDED uo sn CONVERSION 
(ML. ) (v) (ML. ) (ML. ) G Le Lg Lre* FACTOR 
1 .80 0 2.0 1.35 842 = .073 108 
.80 1 2.1 1.60 6& .170 223 115 8.7 
2 .70 0 2.3 1.80 84 .076 .097 
1 2.4 2.00 67 173 211 114 8.7 
3 .70 0 2.0 1.65 86 .066 084 
a 2.1 1.60 712.146 192 108 9.3 
1 2.2 1.65 (pi 149 199 110 9.1 
4 70 0 2.1 1.65 85 071 091 
J 2.2 1.70 67 174 224 116 8.5 
1 2.4 1.80 682 = .164 219 .107 9.4 
5 .60 0 2.1 1.65 83 081 104 
.60 1 2.1 1.60 69 158 .208 104 9.6 
.60 1 2.1 1.60 672.171 .224 110 9.1 
.60 1 2.2 1.60 68 .169 232 112 8.9 
6 .70 0 2.0 1.50 86 .066 .088 
.70 1 2.1 1.65 683 = .162 .202 114 8.8 
.70 1 2.1 1.60 70 155 .204 106 9.4 
.70 ] 2.2 1.80 671 = .172 .210 107 9.3 
7 65 0 1.95 1.45 82 .086 120 
65 1 2.05 1.50 673.169 231 il 9.0 
8 .70 0 2.1 1.50 832  .079 Lb 
ne 2.1 1.60 672.171 224 113 8.8 
1 2.2 1.60 67 174 .239 pat id 9.0 
9 00 0 a LAY 1.45 832.078 092 
00 0 Lf 1.40 851 = .069 084 
00 i ait 1.40 91 150 186 104 9.6 
00 1 ers 1.35 69 161 208 110 9.1 
50 i 1.8 1.40 69 161 .207 .109 9.2 
00 1 ey, 1.40 69 161 197 1.04 9.6 
00 1 ar 1.35 692 =.158 204 At 9.0 
50 1 17 1.30 692 =—.158 207 1.14 8.8 





*The apparent discrepancies that appear in many of the figures for Lre are due to the 
fact that the amount of HCl used for the initial digestion was varied. This caused an 
increase in the blank value that had to be taken into account in the determination. 
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It was stated in the last paragraph that there was something in serum that interfered 
with color development. Actually the possibility should be excluded that iron was not pre- 
cipitated with the proteins and so kept from reaching the supernatant. This was accomplished 
by adding iron to the supernatant at the end of step 4 and determining its conversion factor. 
The factor was found to be the same as that determined for iron added before protein precipi- 
tation. From this it may be concluded that the added iron was not precipitated with the pro- 
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PERCENT IRON RECOVERY 


Fig. 2.—Percentage recovery of iron added to samples of serum. The columns represent 
the number of figures varying from 2.5 per cent above to 2.5 per cent below the designated 
percentage except for the end sections. At the left the column represents three cases below 
72.5 per cent recovery, one as low as 55 per cent. 


Using this factor to calculate the recovery of iron in experiments carried out on a 
number of patients, results were obtained as shown in Fig. 2 in the form of frequency dis- 
tribution. It was soon apparent that there were two groups, (1) hypochromic anemia and 
(2) all others. In the normal and miscellaneous cases it is evident that the figures are 
grouped about the median in a more or less normal manner with a slight skewness which 
indicates merely that one is more likely to find less than to find more than the added amount 
of iron. In the case of hypochromic anemia, however, the nonrecovery of iron is more than a 
technical error. It appears likely that there is something in the serum that interferes with 
the recovery of iron. An attempt to study this effect led to the following observations, which 
will be given in brief: 

1. Iron added to the supernatant after separation from the precipitate was recovered com- 
pletely in all cases. From this it was concluded that in these cases the iron was removed 
along with the protein precipitate (co-precipitation). 

2. Doubling the acid in the initial digestion increased the yield of iron where iron had 
been added but made no difference in the final result in the case of serum without addition. 
From this it was concluded that the interfering factor acted only on the added iron and did 
not interfere with the determination of the serum iron. 

3. When ferrous rather than ferric iron was added, the yield approximated 100 per cent. 
This indicated the formation of some sort of ferric iron complex which was carried down 
partially with the proteins and which could be dissociated by increasing the acidity of the 
initial digestion. 
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4. The nature of this complex and whether or not it has any physiologic implications 
have not been studied. 


DETERMINATION OF IRON IN WHOLE BLOOD}, 5, 12, 13, 14, 15, 16, 17 

A. Procedure.—Place 0.1 ml. of whole blood in a 100 ml. Kjeldahl flask. Add 1 ml. 
concentrated H,SO, and a glass bead and heat the mixture over a microburner until white 
fumes appear. Then reduce the flame and add a drop of concentrated HNO;. As soon as 
the reaction has subsided, add another drop of HNO,. A third drop will usually be sufficient 
to complete the ashing. After the H,SO, residue has cooled, transfer it to a 25 ml. volumetric 
flask and make up to the mark. Transfer 1 ml. of this to glass-stoppered cylinder and de- 
termine the iron as in the procedure described previously, beginning with step 5. 

One precaution must be observed. After the color has been extracted with ethyl acetate, 
it may, on standing, acquire an orange tone. The colorimetry must therefore be completed 
within two minutes after adding the ethyl acetate. This is ample time for the procedure, 
but no more than one sample should be prepared at one time. 

Blank: Dilute 1 ml. of concentrated H,SO, and 3 drops of nitric acid to 25 ml. and 
determine the iron on 1 ml. of this, as described previously. 

B. Standardization.—A standard iron preparation was prepared to contain 50 wg per 
milliliter, The following amounts were used: 1, 0.8, 0.6, 0.4, and 0.2 ml., respectively; each 
sample was subjected to the procedure of ashing, dilution, and colorimetry, as described 
previously. The results are contained in Table V. As may be seen, the relationship between 
color density and concentration of iron follows Beer’s law over the range studied, which in- 
cludes the great majority of the values likely to be encountered. The constant representing 
the conversion factor (7.6) is lower than in the case of serum, indicating a greater color 
density. No attempt was made to recover added iron since it was possible to test the method 
by comparing the total iron determined in this way with the hemoglobin iron determined on a 
sample from the same blood specimen, in the case of normal bloods. 


TABLE V. DETERMINATION OF THE CONVERSION FAcTOR FOR USE IN THE CASE OF ASHED 
WHOLE BLoop 














IRON 
IN ORIGINAL | 
SAMPLE AS DETERMINED | | | | 
(Y) <) G Le Le Fo 
50 2.0 52 .284 .259 Gat 
40 1.6 582 oa .207 (evi 
30 1.2 65 .187 .162 7.4 
20 0.8 74 mist .106 7.5 
10 0.4 832 077 .052 7.6 
Blank 942 .025 





C. Calculation—The L value for the iron in the sample of whole blood is determined 
as follows: (Lg — L value of Blank) x 25. This x 7.6 (conversion factor) = micrograms 
in the sample of whole blood used or, if 0.1 ml. is used, milligrams per 100 ml. of whole blood. 

The hemoglobin iron in milligrams per 100 ml. is calculated from the value for hemo- 
globin in grams per 100 ml. by multiplying it by 3.4, since hemoglobin contains 0.34 per cent 
of iron or 3.4 mg. per gram. The hemoglobin should be determined on the same specimen. 
In the present work it was done by the method described for the Evelyn colorimeter. One- 
tenth milliliter of whole blood is diluted with distilled water to 50 ml, One drop of ammonia 
is added and the solution is read in the colorimeter using filter No. 540 with the galvanometer 
set at 100 for distilled water. The value for Lg is divided by 0.0258 to obtain the hemoglobin 
in grams per 100 ml., and this is multipled by 3.4 to obtain hemoglobin iron in milligrams 
per 100 ml. of blood. Normally there should be little, if any, difference between the determined 
value for the total iron of the whole blood and the iron as caleulated from the hemoglobin.12-17 
But in some types of case the total iron may be appreciably increased above the hemoglobin 
iron, This is what is meant by the nonhemoglobin iron. Actually in the normal, the total 











72 


iron may be slightly above the hemoglobin iron—not more than 2 or 3 per cent. 





JOSEPHS 





J. Lab. 





& Clin. Med. 
July, 1954 


This amount 


is well above that found in the serum, so that one may safely assume that it is present in 
the red cells in some form not combined with hemoglobin. 


so-called ‘‘standard’’ or accepted methods. 


TEST OF THE METHODS 
It was not found to be practicable to test the method for serum iron against any of the 


Moreover, it may be doubted whether this is good 
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Fig. 3.—Values for serum iron found in infancy and childhood. These figures furnish 
a test of the method, since they correspond in general to those reported by others: not only 
the normal average and range, but the variations under certain conditions, e.g., the high 


values of aplastic anemia, the low values of hypochromic anemia, etc. 


on the high levels of lead poisoning is particularly striking. 


The effect of Versene 
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procedure in testing any method, even though it may lead to a more ready ‘‘acceptance’’ of 
the new procedure. In lieu of this, determinations made on a number of children and adults 
under both normal and pathologie conditions are recorded in the form of a chart divided into 
panels (Fig. 3). 
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To test the method for the whole blood iron the determined values were compared with 
those calculated for the iron of the hemoglobin. These comparisons are recorded in Fig. 4, 
in the form of a frequency distribution. Figures from cases of hypochromic anemia being 
treated with iron have been included to illustrate the presence of iron in the red cells beyond 
that to be accounted for by the hemoglobin and the error of the method. 
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Fig. 4.—Relation between total iron (determined) and hemoglobin iron (calculated) in 
the whole blood. It is evident that ordinarily there is good correspondence between the two 
values. This constitutes a practical test of the adequacy of the method. The cases of hypo- 
chromic anemia being treated with iron are included to illustrate what is meant by non- 
hemoglobin iron, since it is clear that in some of these cases there is considerably more iron 
present than can be accounted for by the hemoglobin. Since the difference may come to 
3 or 4 mg. per cent, or even more, the amount is far above any possible level of serum iron 
and, therefore, can only be present in the red cells themselves. In order to avoid including 
cases with the probability of larger error, cases with hemoglobin levels below 6 gm. per 100 ml. 
were excluded. This would correspond to 20 mg. per cent of whole blood or 0.8 we as 
determined. 


SUMMARY 


A method is described for determining iron in as little as 0.5 ml. serum, 
using thiocyanate for the color, and ethyl acetate extract for the colorimetry, 
adapted for the ‘‘micro’’ attachment of the Evelyn colorimeter. 

A procedure is also described for iron in whole blood which does not differ 
in its essentials from other procedures in use for the same purpose over the last 
twenty years, but which has been adapted in its final steps to the ‘‘micro”’ 
Evelyn colorimeter. 


REFERENCES 


1, Jenkins, C. E., and Thomson, M. L.: The Distribution of Iron in the Blood, Brit. J. 
Exper. Path. 18: 175, 1937. 

2. Heilmeyer, L., and Plotner, K.: Das Serumeisen und die Eisenmangelkrankheit, Jena, 

1937. 








74 





; . Lab. & Clin. Med. 
JOSEPHS J. La anv oe. 


. Moore, C. V., Minnich, V., and Welch, J.: Studies in Iron Transportation and Metabolism, 


J. Clin. Invest. 18: 543, 1939. 


. Kitzes, G., Elvehjem, C. A., and Schuette, H. A.: The Determination of Blood Plasma 


Iron, J. Biol. Chem. 155: 653, 1944. 


. Kennedy, R. P.: The Quantitative Determination of Iron in Tissues, J. Biol. Chem. 


74: 385, 1927. 


. Stugart, R.: Determination of Iron in Milk and Other Biological Materials, Ind. and 


Eng. Chem. Anal Ed. 3, 390, 1931. 


. Moore, C. V., Arrowsmith, W. R., Quilligan, J. J. and Read, J. T.: Studies in Iron 


Transportation and Metabolism. I. Chemical Methods, J. Clin. Invest. 16: 613, 1937. 


. Vannotti, A., and Delachaux, A.: Iron Metabolism, Translated by E. Pulay, New York, 


1949, Grune and Stratton. 


. Laurell, C. B.: Studies on the Transportation and Metabolism of Iron, Acta physiol. 


scandinav. 14: Supp. 46, 1947. 


. Barkan, G., and Walker, B. S.: Determination of Serum Iron With o-Phenanthrolin, 


J. Biol. Chem. 135: 37, 1940. 


1. Vahiquist, B.: Das Serumeisen, Acta Paedist. 28 supp. 5, 1940. 
2. Wong, S. V.: Colorimetric Determination of Iron and Hemoglobin in Blood, J. Biol. Chem. 


77: 409, 1928. 


. Fowweather, F. S.: The Determination of Iron in Blood, Tissues and Urine, Biochem. 


J. 20: 93, 1926. 


. Josephs, H. W.: The Iron of the Blood, Bull. Johns Hopkins Hosp. 56: 50, 1935. 
. Josephs, H. W., and Winocur, P.: The Occurrence of Non-Hemoglobin Iron in Whole 


Blood, Bull. Johns Hopkins Hosp. 61: 75, 1937. 


. Lambrechts, A., and Thimus, A.: Le fer total du sang et le fer non-hémoglobinque des 


globules rouges. Bull. Soc. Chim. Biol. 29: 1025, 1947. 


. Pagliardi, E.: Dimostrazione della presenza in particolari condizioni fisiopathologiche di 


ferro non-hemoglobinico nei globuli rossi de sangue umano. Haematologica 34: 449, 
1950. 


. Kato, K., and Iob, V.: Influence of Cobalt on Iron Transportation, Am. J. Clin. Path. 


10: 751, 1938. 











METABOLIC AND HISTOLOGIC STUDIES IN PATIENTS WITH AND 
WITHOUT LIVER DISEASE RECEIVING CHLORAMPHENICOL 
AND OXYTETRACYCLINE 


Wituiam W. Fatoon, M.D. 
Syracuse, N. Y. 
WITH THE TECHNICAL ASSISTANCE OF JOAN W. NOLL, B.S., AND 
KATHLEEN Co.uins, B.S. 


ERTAIN untoward metabolic and nutritional effects of chloramphenicol and 

oxytetracyeline in human beings have been reported, but relatively little 
quantitative data concerning these effects are available. Vitamin deficiency 
signs and symptoms of steatorrhea have been observed with these and other 
antibiotic agents, and certain untoward hepatie effects, possibly nutritional in 
origin, have been attributed to oxytetracycline.’> Although reported to be of 
benefit in infectious hepatitis® and in hepatic coma,’ oxytetracycline has never- 
theless been indicted in the production of fatty infiltration of the liver when 
administered orally to human beings,® ® and when given parenterally to ani- 
mals.'° Chlortetracycline, similar to oxytetracyeline in both chemical structure 
and antibacterial spectrum, has likewise been found to produce fatty infiltration 
of the liver in man when given orally, while hyperbilirubinemia has been ob- 
served during its parenteral administration.® ® 1+ 1% 13 Increased urine nitrogen 
excretion, accompanied by increased riboflavin excretion, has also been observed 
during the administration of chlortetracyecline without definite correlation with 
changes in fecal flora.’* +4 Such urine nitrogen loss has not been corrected by 
the administration of methionine supplements.’ Gabuzda and associates'® have 
reported that oxytetracycline is also capable of increasing urinary nitrogen 
excretion. 

This study has been undertaken in an attempt to compare the metabolic 
effects of oxytetracycline and chloramphenicol, and to determine the relation- 
ship of hepatic sequelae to such metabolic alterations. Our results with the 
use of oxytetracycline are in agreement with those of Gabuzda and associates, 
but we have extended the studies to include riboflavin excretion, fat absorption, 
hepatie histology, and hepatie function. 


MATERIALS AND METHODS 


Chloramphenicol* was administered orally in doses of 2 Gm. daily to two patients with 
fatty cirrhosis of the liver, and to two patients who were undergoing slow resolution of 
pneumococcal pneumonia previously treated with penicillin. The diets offered to these 
patients are shown in Table I. The patients varied in their ability to eat constant diets, 
but the daily intakes were sufficiently uniform to allow valid determination of nitrogen 
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balance. Food variety was provided and dietary intake was controlled by rotating three 
different daily diets equal in protein, fat, and calorie content. 

Oxytetracycline* was given to five patients, three of whom had cirrhosis of the liver, 
one with ascites. A fourth patient was suffering from asthma and varicose veins, and the 
fifth was undergoing slow resolution of pneumococcal pneumonia previously treated with 
penicillin. One patient received a diet similar to those offered the patients receiving 
chloramphenicol, while the others received diets similar in calorie and protein content but 
low in sodium (Table I.) Two of these received supplementary sodium during part of the 
study. In one patient, J. B., the dietary intake varied widely during the control period, but 
sufficient data are available to suggest that a significant change in his nitrogen metabolism 
occurred during the administration of the antibiotic. 


TABLE | 





| INITIAL [eres 
WEIGHT | | PROTEIN | 

PATIENT | (POUNDS ) | DIAGNOSIS (GM. ) CALORIES 
Chloramphenicol 

C.. B. 134 Resolving pneumonia 58 2,100 

W. L. 156 Cirrhosis 80 2,600 

5 Bae 123 Resolving pneumonia “6S 2,500 

BD. 203 Cirrhosis 100 2,500 
Terramyecin 

J. B. 163 Asthma, varicose veins 63 2,000 

R. R. 114 Cirrhosis, ascites 100 2,700* 

Pe. 145 Resolving pneumonia 80 2,100* 

Be eB 169 Cirrhosis 94 2,400* 

H.. J. 176 Cirrhosis 100 2,500* 





*Low sodium diet. 


Duplicates of the diets offered to both groups of patients were analyzed for nitrogen 
and fat content, and appropriate calculations from standard tables were made for those 
patients in whom constant intakes were not obtained.t Riboflavin content of the diets was 
ealeulated from standard tables.16 Analyses of each antibiotic for riboflavin revealed no 
demonstrable riboflavin in either. 

Metabolic studies were conducted using four- to seven-day control periods, four- to 
eight-day periods of antibiotic administration, and subsequent control periods of from two to 
six days. Twenty-four-hour urine collections were preserved with toluol, and, when necessary, 
aliquots were acidified, stored in brown bottles, and frozen for subsequent riboflavin analyses. 
The stools were preserved with measured amounts of benzoic acid, and collection periods were 
marked by the ingestion of carmine red. Nitrogen in food, urine, and feces was determined 
by the Macro-Kjeldahl method, and fat in food and feces was determined by the method 
of Fowweather.17 

In three patients receiving chloramphenicol, and in two receiving oxytetracycline, 
liver biopsies were performed before, and at the end of, the course of the antibiotic. Liver 
biopsies were obtained with a Vim-Silverman needle, using the intercostal approach, and 
repeated specimens in each patient were obtained through the same intercostal space. Liver 
function tests included thymol turbidity, using a modification of MacLagan’s method,18 
cephalin flocculation,19 serum bilirubin,2° and bromsulfalein retention (forty-five minutes 
after a dose of 5 mg. per kilogram of weight). Urine riboflavin was determined by the 
fluorometric method of Connor and Straub21 in three patients receiving chloramphenicol, 
and in two patients receiving oxytetracycline. 

In all patients given chloramphenicol, and in two subjects given oxytetracycline, 
complete blood counts, hematocrit, and direct eosinophil counts were carried out three times 


*Terramycin obtained through the courtesy of Dr. H. A. Strade, Chas. Pfizer and Co., Inc. 


*Nitrogen analyses of the antibiotics and capsules revealed an average added nitrogen 
intake from this source of 250 mg. daily. These values are not included in the calculations. 
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weekly. In three of the patients receiving chloramphenicol, bone marrow aspiration was 
performed before and after the administration of this antibiotic. These hematologic 
studies will be the subject of a separate report. 


RESULTS 

Chloramphenicol.— 

Nitrogen balance: None of the patients receiving chloramphenicol revealed 
changes in nitrogen metabolism which could be attributed to the effect of the 
antibiotic (Table II, Fig. 1). In one patient, nitrogen balance changed from 
negative to slightly positive during the antibiotic period, but this was accom- 
panied by the ingestion of more calories and nitrogen during this period. Like- 
wise in this patient, the postantibiotic period revealed increasingly positive 
nitrogen balance, suggesting that the chloramphenicol was not responsible for 
the apparent anabolism. There was no difference in the nitrogen balance re- 
sponse of patients with liver disease, as compared to the patients convalescing 
from infections. 
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Fig. 1.—Nitrogen balance during chloramphenicol administration. 


Taver biopsies and liver function: In three patients receiving chlorampheni- 
col, two of whom had fatty infiltration and fibrosis, the histologic appearance 
of the liver as revealed by biopsy either remained the same or showed slight 
improvement after the administration of this antibiotic. Liver function tests 
similarly showed no change or improvement during this period. 

Fat absorption: The excretion of fat in the feces underwent no significant 
changes when chloramphenicol was given (Table III). None of these patients 
demonstrated a significant degree of diarrhea, although one had a moderate 
increase in the number of the stools during and after reception of this agent. 

Urine riboflavin excretion: Riboflavin excretion was not significantly altered 
by the administration of chloramphenicol in the three patients studied (Table 
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IV, Fig. 2). Although in patient C.B., the urinary excretion of riboflavin fell 
markedly during the antibiotic period, this effect persisted during the second 
control period and was associated with the occurrence of positive nitrogen bal- 
ance. Urinary excretion was more constant in the other two patients, but a 
similar relationship between nitrogen and riboflavin was observed. In no 
patient was there an increase in the excretion of riboflavin when chloram- 
phenicol was given. 


TABLE III. Fat INTAKE AND FecaL Fat DuRING ANTIBIOTIC ADMINISTRATION 
(GRAMS PER DAY) 











PATIENT | PERIOD | DAYS | INTAKE | FECES | LOSS (%) 
C. B. Control 6 57.7 1.9 3.3 
Chloramphenicol 6 65.7 1.8* 2.7 
Control 6 65.7 Lo" 2.7 
J.T. Control 4 86.8 6.5 7.5 
Chloramphenicol 6 86.8 3.7 4.3 
Control 4 86.8 4.5 5.2 
W. L. Control 6 77.8 2.7 3.5 
Chloramphenicol 7 79.1 2.9 3.7 
Control 5) 86.1 3.5 4.1 
H. D. Control 6 93.5 10.5 11.2 
Chloramphenicol 8 90.8 3.0 3.3 
Control 6 90.0 5.3 5.9 
J.B. Control 7 41.7 2.3 5.5 
Terramycin 4 59.9 La 2.9 
Control 2 59.9 ES oa 2.9 
F. H. Control 5) 76.6 1.3 9.5 
Terramycin 6 76.6 7.4 Oi 
Terramycin 6 76.6 6.3 8.2 
Terramycin 6 76.8 4.0 5.2 
Control 4 76.8 7.0 9.1 
R. R. Control 7 93 7.8 8.3 
Terramycin 6 93 5.9 6.4 
Control 5 92.5 res 8.4 
Aureomycin 6 88.6 10.1 11.4 
Control 6 88.8 7.2 8.1 
ie. Control 6 89.5 3.5 3.9 
Terramycin 6 89.5 3.8 4.2 
Control 6 89.5 3.6 4.3 
H. J. Control 6 98.1 1.1 1.2 
Terramycin 6 100.6 3.5 3.5 
Control 4 100.6 4.0 4.0 





*Stool collections were pooled for the two consecutive periods indicated. 


Oxytetracycline.— 

Nitrogen balance: The administration of oxytetracycline resulted in in- 
creased urine nitrogen excretion in four of the five patients (Table V, Figs. 3 
and 4). One patient, F. H., (Fig. 5) showed no significant change in urine 
nitrogen or nitrogen balance from the preantibiotic control period, but after 
the antibiotic was stopped, urine nitrogen excretion fell, and nitrogen balance 
became slightly positive. This patient received oxytetracycline during succes- 
sive periods of (a) low sodium intake, (b) 3 Gm. of added sodium chloride 
daily, and (c) ad libitum sodium chloride. The results indicate that there was 
no significant alteration of nitrogen balance during administration of the anti- 
biotic as a result of the addition of sodium to an otherwise constant diet. 

In patient J. B., whose study was marred by variation in his dietary intake 
and by loss of urine specimens, the urine nitrogen appeared to increase markedly 
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Fig. 2.—Nitrogen balance and urine riboflavin excretion during chloramphenicol. Urine 


riboflavin decreased as positive nitrogen balance occurred, without relation to the adminis- 


tration of the antibiotic. 
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Fig. 3.—Negative nitrogen balance during oxytetracycline administration. 


during the antibiotic period. This occurred despite somewhat greater caloric 


intake during this period than had been accomplished previously. 


Negative 


nitrogen balance ensued in this patient and reversal of this effect was not clearly. 
apparent during the two-day period after withdrawal of the antibiotic. 


In patient R. R., who had cirrhosis with ascites, the administration of 
oxytetracycline produced an insignificant change in urine nitrogen excretion as 


compared to the last five days of the initial control period, but in the second 
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Fig. 4.—Nitrogen balance during oxytetracycline and chlortetracycline administration. 
Less positive balance occurred during these periods than during control intervals except for 
initial control period. (Dotted line indicates average nitrogen balance for each period. Average 
balance during initial control period calculated for the last five days only). 
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Fig. 5 oxytetracycline administration. No significant alteration 
noted, although slightly positive balance occurred after antibiotic was stopped. Increased 
sodium intake was without effect on nitrogen metabolism. (Dotted line indicates average 
nitrogen balance for each metabolic period.) 
control period, increased retention of nitrogen occurred (Fig. 4). After the 
second control period, this patient was given chlortetracycline,* 2 Gm. daily, 
in an attempt to compare the effect of the two antibiotics. With this antibiotic, 
the nitrogen balance was altered to a degree quite similar to that observed with 


*Aureomycin obtained through the courtesy of Dr. Stanton M. Hardy, Lederle Labora- 
tories Division, American Cyanamid Company. 
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oxytetracycline. Also, in the final control period, after chlortetracycline was 
stopped, markedly positive balance ensued in a fashion similar to the post- 
oxytetracycline period. The addition of sodium chloride to the diet for four 
days in the latter period was without apparent effect on nitrogen metabolism. 

In patients I. H. (Fig. 3) and H. J., both suffering from cirrhosis, urine 
nitrogen rose and fecal nitrogen increased slightly during the administration 
of oxytetracycline. The combination of these two factors yielded less positive 
nitrogen balance in one patient and negative nitrogen balance in the other 
during the antibiotic period. 
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Fig. 6.—Nitrogen balance and urine riboflavin during oxytetracycline. Urine riboflavin increase 
coincided with increased nitrogen loss when antibiotic was administered. 

Fecal fat: In none of the five patients receiving oxytetracycline (Table 
III), was there an increase in fecal fat excretion, although in two, I. H. and 
H. J., an inerease in number and in total volume of the stools occurred. The 
extension of the period of antibiotic administration to as long as eighteen days, 
as in patient F. H., also did not produce steatorrhea. 

Liver biopsy and liver function tests: Liver biopsies were carried out be- 
fore and after oxytetracycline administration in patients I.H. and H.J. In 
the latter, there was a slight, probably insignificant, increase in the amount of 
fatty infiltration, and, in the other patient, no alteration in liver histology was 
observed. Liver function tests showed no change or slight improvement in these 
patients during the course of antibiotic administration. 

Riboflavin excretion: In both patients in whom urinary riboflavin was de- 
termined, significant increase in the excretion of this vitamin was observed 
(Table IV, Fig. 6), during the administration of oxytetracycline. This increase 
corresponded to the increase in nitrogen excretion and was reversed when the 
antibiotic was stopped. Although the urinary loss of riboflavin was more con- 
sistent and more striking in I. H. than in H.J., the average excretion during 
oxytetracyeline administration in the latter patient was 3.58 mg. daily, as 
compared to 2.89 mg. and 2.24 mg. during the preantibiotic and postantibiotic 
periods, respectively. 
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DISCUSSION 


It is apparent from the data obtained that nitrogen balance is unchanged 
by the administration of chloramphenicol, but that an increase in nitrogen 
excretion of varying degree occurs in most patients receiving oxytetracycline. 
The latter result confirms the results obtained by Gabuzda and his colleagues, 
and suggests that oxytetracycline and chlortetracycline are comparable in meta- 
bolie effects, as well as in antibacterial effects and chemical structures. In the 
study in which these compounds were compared in the same patient, the re- 
sults indicate similar quantitative effects upon nitrogen metabolism. In this 
experiment, the failure of oxytetracycline to increase the excretion of nitrogen 
as compared to the preantibiotie control period may perhaps be explained by 
the observation of Gabuzda and Davidson”? that certain patients with hepatic 
disease attain nitrogen anabolism more slowly than do patients without liver 
disease given a comparable adequate diet. Thus, the oxytetracycline may have 
inhibited the oceurrence of more positive nitrogen balance in the second week 
of this dietary regimen. This possibility is strengthened by the fact that mark- 
edly positive balanee did occur in the postoxytetracyeline period, and even 
more positive balance subsequently was observed in the third control, or post- 
chlortetracycline period. These findings suggest that the development of vrogres- 
sively greater anabolism in this patient was interrupted successively by oxy- 
tetracycline and chlortetracycline. 

The mechanism of the effect produced by oxytetracycline cannot yet be 
defined, but it appears unlikely that changes in the gastrointestinal bacterial 
flora are responsible. Using chlortetracyeline, Gabuzda and associates found 
no consistent quantitative or qualitative change in stool flora which correlated 
with the inerease in urine nitrogen excretion.** In addition, chloramphenicol 
has been reported by some, but not all, investigators®® to alter the gastro- 
intestinal flora. Fecal flora studies were not carried out in this study, but if 
alterations in the flora occurred with chloramphenicol, no concomitant nitrogen 
balanee changes were observed in contrast to the results with the other two 
antibiotics which have been studied in this manner. On the other hand, chlo- 
ramphenicol may not have been given for sufficiently long periods to alter the 
flora severely enough to affect nitrogen balance. In this regard, it has been 
reported by McGovern and associates that fungus growth in the gastrointestinal 
tract occurs maximally in children after chloramphenicol has been administered 
for fourteen days.** Despite the possibility that these periods of study were 
too brief to allow marked changes in the flora, it would appear more probable 
that some intrinsic chemical property of oxytetracycline and chlortetracycline, 
rather than the fecal flora changes, renders these compounds, in contrast to 
chloramphenicol, capable of producing the catabolic effect. In regard to this 
possibility, however, Gabuzda and colleagues using ‘‘alkaline rearranged,’’ anti- 
biotically inactive chlortetracycline have been unable to obtain increased nitro- 
gen excretion as previously observed when the active form of this agent was 
used.* Increased calorie loss caused by steatorrhea and resultant increased 
nitrogen catabolism induced by these agents can be eliminated on the basis of 
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our fecal lipid studies. In regard to nitrogen metabolism, chloramphenicol is 
iess deleterious to protein metabolism than the other agents and, therefore, 
would appear to be preferable in patients in whom nitrogen anabolism is desir- 
able. . 

The finding of increased urine nitrogen excretion during the administration 
of oxytetracycline is of interest in regard to the findings of Bateman and 
associates,”> who have described marked rises in plasma nonprotein nitrogen in 
patients receiving this antibiotic intravenously in large doses. It is possible 
that the nitrogen catabolism observed by us may be partly responsible for such 
azotemia, although diminished renal function also appears to have been pro- 
duced in their patients. 

Since most of the patients receiving oxytetracycline were fed low-sodium 
diets, in contrast to those receiving chloramphenicol, the possible relationship 
of this factor to the catabolic effect of oxytetracycline was briefly explored in 
patients R.R. and F.H. The results obtained did not suggest that the intake 
of sodium significantly affected the metabolic alterations produced by this agent. 

Although celinieal signs of riboflavin deficiency have been reported during 
therapy with chloramphenicol and oxytetracycline, urinary riboflavin excretion 
in our patients was related to protein metabolism, with increasing loss being 
associated with nitrogen catabolism in the course of oxytetracycline administra- 
tion. This relationship has previously been observed by Pollack and associates*® 
in other catabolic states. Although it is possible that interference with the 
proper utilization of this vitamin occurred as a result of the administration of 
oxytetracycline, we have no evidence indicating that riboflavin deficiency was 
produced without nitrogen loss. Using chlortetracyeline which produces a 
similar inerease in urine riboflavin excretion, Gabuzda and colleagues have 
been unable to prevent increased nitrogen loss by the use of riboflavin supple- 
ments.?° Such evidence suggests that either riboflavin and nitrogen loss are 
inseparable in such circumstances, or that the metabolic blockade produced by 
chlortetracycline is not competitively reversible by the use of vitamin supple- 
ments. Regardless of the mechanism of these nutritional alterations, it is 
readily apparent that chloramphenicol differs from oxytetracyeline and chior- 
tetracycline in that neither riboflavin nor nitrogen loss is induced by its ad- 
ministration. 

The absence of change in hepatic histology in the patients receiving chloram- 
phenicol is consistent with the results obtained by Lepper and associates in 
animals.'° Although oxytetracycline did not produce significant fatty change 
in the two patients in this study, the period of administration may have been 
too brief to produce such alteration. Similar brief intervals of chlortetracycline 
administration in previous studies also failed to produce fatty infiltration in 
patients with liver disease, although fatty infiltration was observed with pro- 
longed periods of administration.’* From these results, it appears that increased 
nitrogen excretion is either unrelated to fatty infiltration of the liver, or pre- 
eedes it, in patients receiving these antibacterial agents. 

Absorption of fat was unaltered despite the occurrence of increased fecal 
volumes in one patient receiving chloramphenicol, and in two patients receiv- 
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ing oxytetracycline. This is also in accord with observations in patients receiv- 
ing chlortetracycline,’? and suggests that even when fecal volume is increased, 
steatorrhea does not develop. These results, however, may not apply to all 
patients receiving these agents. 


SUMMARY 





AND CONCLUSIONS 


Nitrogen balance, riboflavin excretion, fat absorption, and liver histology 
and function were studied in patients with and without liver disease receiving 
either chloramphenicol or oxytetracycline. 

No alteration in nitrogen balance was observed during the administration 
of chloramphenicol to four patients, but in four of five patients receiving oxy- 
tetracycline, urine nitrogen excretion was significantly increased. Riboflavin 
excretion was related to nitrogen balance; no change occurred with the use of 
chloramphenicol, but significant increases occurred during the nitrogen catab- 
olism observed when oxytetracycline was given. 

Fat absorption was not affected by either antibacterial agent, despite the 
occurrence of increased fecal volumes in some patients. Similarly, liver histology 
and function tests either improved or were unchanged by these agents during the 
brief, four- to eight-day periods of administration used in these studies. 

It is concluded that oxytetracycline, like chlortetracycline, is capable of 
producing nitrogen catabolism accompanied by increased riboflavin excretion. 
No definite correlation of this effect with changes in hepatic histology was 
observed. Chloramphenicol, however, does not affect nitrogen metabolism, ribo- 
flavin excretion, or hepatie function. The effects of the administration of chlo- 
ramphenicol or oxytetracyecline upon nitrogen metabolism are unrelated to the 
presence or absence of liver disease. 

We are indebted to Misses Gloria Rossi and Phyllis Utter and to Mrs. Clarice Shepard for 


the preparation and administration of the diets used. Our gratitude is also expressed to Dr. 
John T. Prior, who reviewed the pathologic specimens. 
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FECAL FAT ON AN ESSENTIALLY FAT-FREE DIET 


GEORGE T. Lewis, Pu.D., AND HELEN C. Partin, M.S. 
Miami, Fa. 


NDER usual circumstances of diet and activity in normal adults, the 

feces contain about one-fourth of their dry weight as lipid material. 
In view of the insolubility of fats in the aqueous medium of the body, and 
the possible formation of insoluble soaps with salts of calcium and mag- 
nesium, the most obvious explanation would seem to be incomplete absorp- 
tion of dietary fat. Variations in amount and type of fat eaten, however, 
are not the major influence governing the amount in the stool. In addition, 
the composition of the fecal lipid fairly closely resembles that found in the 
blood. If a dietary source is eliminated, other possibilities are: bacteria 
present in the stool, desquamated intestinal epithelium, and excretion by 
the mucosa of the intestinal wall. Bacteria and cellular elements can be 
rather definitely eliminated,’ leaving excretion as the most probable origin 
of the fecal fat. This point of view has received wide, but not entirely 
universal, acceptance.” 

The majority of the experimental foundation for this statement has come 
from work on dogs. While the results are presumably applicable to human 
beings, one can be certain only when the experiments have been repeated on 
human subjects. A recent compilation,®? however, contains no figures on the 
fecal lipid excretion of human beings on a low fat diet. 

The critical experiment would seem to be the maintenance of adults on 
a fat-free diet for fairly extended periods, with concomitant collection of feces, 
and analysis of the specimens for lipids. We have recently had the oppor- 
tunity to carry out such an experiment and the results form the basis of this 
communication. 


MATERIALS AND METHODS 


In this laboratory a feeding regimen designed for continuous enteral administration to 
patients with feeding problems has been developed. The composition is given in Table I. 
The solution contains no added lipid and only 10 mg. per liter of ether-soluble material. How 
much of this is fatty acid or glyceride, we do not know, but the fatty acid intake cannot be 
more than 25 mg. per day and is probably considerably below this figure. 

Stool specimens were collected in twenty-four-hour periods and preserved in a cold 
room at approximately +2° C. until analysis. Prior to the application of the analytic pro- 
cedures, the twenty-four-hour specimen was homogenized in a Waring Blendor. When 
necessary sufficient water was added to make a fluid mass, and aliquots were measured 
volumetrically. The aliquot for nitrogen determination was placed in a Kjeldahl flask and 
the nitrogen content determined by the usual Kjeldahl technique. Another aliquot was 
transferred to a container with a rather large surface and evaporated to dryness on the 
water bath. The dry powder was placed in a filter paper thimble and extracted exhaust- 
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ively with ether in a Soxhlet extractor. The ether was removed by evaporation and the 
extract weighed. This value is designated total fat. Addition to the extract of ether gave 
a solution from which aliquots were removed for the determination of fatty acids by the 
method of Stewart and Hendry, of cholesterol (free and total) by the technique of Schoen- 
heimer and Sperry, and of lipid phosphorus according to Fiske and SubbaRow.¢ 


TABLE I. FORMULA FOR FEEDING SOLUTION 














PER LITER 








Protein 65 Gm. 
Hydrolyzed lactalbumin 

Carbohydrate 160 Gm. 

Mineral 
Sodium 1300 mg. 
Potassium 700 mg. 
Caleium 1200 mg. 
Magnesium 170 mg. 
Phosphorus 300 mg. 
Tron 1.5 mg. 


RESULTS 

The results of the individual analyses are given in Table I, and these are 
summarized in Table III. Reference to the data will show that the total fecal 
fat has no relation to the nitrogen excretion, which might be an argument 
against the origin of the fat in bacteria or desquamated cells. The amount of 
fat in the stool varies widely, which is perhaps surprising in view of the con- 
staney of the diet. The average excretion is about 2 Gm., however. This has 
been noted previously,’ but the basis for the statement is not given. As in- 
dicated, no attempt was made to prevent hydrolysis during the interval be- 
tween collection and analysis. Therefore, we have no means of estimating 
the amount of triglyceride originally present. Additional fatty acid may have 
been excreted in the form of soaps or volatile acids. No attempt was made to 
determine these fractions. 


TABLE II. FrcAu LIPID 


CHOLESTEROL 











a a No TOTAL FAT | FATTY ACID a 0 | LIPID P 

DATE GM. GM. | ( Yo) _ | TOTAL (%) | FREE (%) | (%) 
Patient 1 

5/26 10.7 1.63 38 9 

6/4 2.8 0.97 23 16 13 0.10 

6/9 2.2 0.53 34 34 32 

6/11 11 0.29 29 26 

6/15 2.2 0.60 34 26 

6/20 0.93 0.37 25 24 

6/21 2.1 0.27 20 22 

6/24 9a | 0.13 38 21 

7/4 3.9 1.2 22 25 22 0.08 

7/6 3.8 2.4 30 13 

7/6 4.4 2.25 22° 27 22 

7/23 6.2 5.4 28 15 0.06 
Patient 2 

2/12 4.8 3.59 55 25 0.27 

2/16 10.0 2.35 49 

2/18 7.9 1.74 45 
Patient 3 


2/18 3.9 2.66 50 12 0.22 
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TABLE III. FrcAt Lipip: SUMMARY 














N; TOTAL FAT | FATTY ACID | CHOLESTEROL | LIPID P AS 
| (@M.) (GM. ) (%) TOTAL (%) |LECITHIN (%) 
Av. No. 1 3.8 1.3 29 20 2.0 
Av. No. 2 7.6 2.6 50 25 6.8 
Av. No. 3 3.5 2.7 50 12 5.5 
DISCUSSION 


A disadvantage of the experimental conditions is the fact that the sub- 
jects were not normally active adults. They were hospital patients living 
under the usual hospital regime. Patient 1 was an adult man living in the 
hospital following a hemi-mandibulectomy for a radiation necrosis. He was 
awaiting plastic surgery and had no other recognizable pathology. Patient 2 
was a young woman recovering from ulcerative colitis and Patient 3 was a 
middle-aged man with multiple peptic ulcers. 

There is at least a theoretical possibility that ether-soluble compounds in 
the bile might contribute to the total fat fraction. Qualitative tests for bile 
acids were negative for these preparations, however. — 


SUMMARY 

The entire ether-soluble material and certain of the fractions which make 
up this total have been determined on twenty-four-hour stool specimens from 
three adult human subjects. In one case, such determinations were carried 
out at intervals during a period of two months. The diet, although nutri- 
tionally adequate, contained a daily maximum of 25 mg. of fatty acid. Under 
these conditions, the daily excretion of lipid approximated 2 Gm. 

These data are consistent with the belief that fecal lipid represents ex- 
cretion by the intestinal mucosa. 
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ACQUIRED ANTITHROMBOPLASTINOGENEMIA (HEMOPHILIA-LIKE 
DISEASE): WITH SPECIAL REFERENCE TO 
ITS DIAGNOSIS 


ARMAND J. Quick, PH.D., M.D., Ernar R. Dantets, M.D., AND 
Ciara V. Hussey, M.S. 
MILWAUKEE, WIS. 


OZNER, Jolliffe, and Taylor’ discovered, in 1940, a new anticoagulant dis- 
tinet from heparin which caused a hemorrhagic diathesis simulating hemo- 
philia. They noted that the addition of their patient’s plasma to normal blood 
significantly prolonged the clotting time, a finding which is not observed when 
hemophilic plasma is mixed with normal blood. Their observation has become 
the basis for diagnosing the presence of the anticoagulant and for assaying 
its content. For the latter procedure, varying amounts of either the blood? 
or plasma’ are added to a fixed volume of normal blood and the clotting time 
of the mixture then determined. Quick and Stefanini* observed that blood 
containing the anticoagulant will, when added to normal blood, not only in- 
crease the clotting time, but depress the prothrombin consumption time. The 
latter finding has been confirmed in additional cases by Singer and associates,°* 
Pons and de Torregrosa,® Frick,’ and Nilsson and Wenckert.® In this paper, 
two cases are reported in which dependence on the clotting time test alone 
could easily have resulted in failure to establish the presence of the antico- 
agulant, whereas, the prothrombin consumption test and the thromboplastino- 
gen activity time not only made the detection of the inhibitory agent un- 
equivocal, but furnished a simple means for assaying its concentration, thereby 
serving as means for following the course of the disease quantitatively. 


REPORT OF CASES 


CasE 1.—C. K., a white police officer, aged 48 years, had no history of a bleeding 
tendency prior to June, 1952, when he noted an abnormally large bruise after hitting his 
shin on a lawn mower. This was the first sign of a bleeding tendency. Nothing in his 
previous history furnishes significant information concerning the possible origin of the 
condition. Two years earlier he had an outer ear infection which was treated with a 
sulfonamide, but it had to be stopped because of the patient’s sensitivity to the drug; 
it is not possible to say whether this had any relation to his present illness. On August 
18 he had abdominal cramps; later, he had pain in left upper quadrant and noticed blood 
in his urine. A cystoscopic examination done three days later showed that the bleeding 
came from the pelvis of the left kidney. He was admitted to the Milwaukee Hospital 
the following day. The pain had shifted to the mid-epigastrium region and localized in 
the right lower quadrant. The intensity and localization suggested acute appendicitis. 





— the Department of Biochemistry, Marquette University School of Medicine, Mil- 
waukee. 
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Upon operation, a retroperitoneal hematoma in the right kidney was found. The appendix 
was removed. Severe bleeding from the incision, which required the transfusion of 15 
pints of blood during the next three days, began eight hours postoperatively, The in- 
cisional bleeding was partly controlled by pressure, and gross hematuria ended on the third 
postoperative day. The initial laboratory findings following one transfusion were es- 
sentially normal, including a clotting time of eight minutes. Later, a prolonged clotting 
time of over one hour directed attention to a coagulation disturbance. The first studies 
to determine the nature of the hemorrhagic condition were made Sept. 22, 1952, with the 
following results: 


Normal 

Clotting time (Lee-White) 105 min, 5-8 min. 
Bleeding time (Duke) 2 min. 1%-3 min. 
Tourniquet test Negative 

Prothrombin time 12% see. 12 see. 
Total prothrombin time 8 see. 8-9 see. 
Platelet count 163,000 250,000 
Clot retraction Normal 

1 eG! big 8.0 see. 15-45 see. 
T.A.T.t 8.0 see. 15-45 see. 
Thrombin time 8 sec. 8 see. 


*Prothrombin consumption time. 
+Thromboplastinogen activity time. 


All the procedures were carried out exactly as previously described. For the estima- 
tion of the thrombin time, 0.1 ml. of thrombin of varying dilution was added to 0.2 ml. 
of oxalated plasma. The value for only one concentration of thrombin is recorded, but it 
was found that even at high dilutions of thrombin, there was no difference between the 
clotting time of the patient ’s plasma and the normal plasma. 

Since the patient had no history of hemorrhage until his present history, the diag- 
nosis of hemophilia was unlikely, although the laboratory findings suggested a hemophilia- 
like condition. The presence of a circulating anticoagulant was clearly suggested by the 
following findings: 





Patient’s blood (ml.) 2.0 1.0 0.8 0.5 0.3 0.1 

Normal blood (ml. ) 1.0 1.2 1.5 1.7 1.9 2.0 
Clotting time (min.) 90 14 11 6 5 3% 6 
PCT, (sec. ) 8 8 8 8% 8% 9% 20 
TAT. (see. ) 8 8% 8 9 9% 24 40 


For these studies, blood was collected with silicone-coated needles and syringes, and 
transferred to test tubes similarly coated. To avoid the possible error of tissue contamina- 
tion, the first blood drawn was discarded and a second syringe used to obtain the blood 
for the clotting time studies. Mixing of the bloods was done with silicone-coated serologic 
1 ml. pipettes calibrated in tenths of a milliliter. The prothrombin consumption time was 
done on the serum obtained after the clotting time had been determined. The clotted 
blood was incubated fifteen minutes at 37° C., centrifuged at 2,000 r.p.m. for one minute, 
then returned to the water bath, and the prothrombin time of the serum determined after 
thirty and sixty minutes. 

The thromboplastinogen activity time test consists in mixing 2 ml. of the blood with 
0.05 ml. of rabbit brain thromboplastin heated to 60° C. for twenty minutes. The details 
of the method have been recently described.10 

The results obtained by mixing normal and the patient’s blood clearly showed the 
presence of an anticoagulant. It is obvious, however, that the clotting time was not nearly 
so sensitive a measure of the inhibitor as the prothrombin consumption and the thrombo- 
plastinogen activity time tests. When the normal blood and the patient’s blood were 
mixed in equal amounts, the clotting time was fourteen minutes, which is definitely, but 
uot strikingly, longer than normal. In the ratio of one part of patient’s blood to three 





96 QUICK, DANIELS, AND HUSSEY J. Lab. & Clin Med. 
July, > 


parts of normal blood, the clotting time was completely normal but the prothrombin con- 
sumption test still demonstrated the inhibitory effect of the patient’s blood when added 
in the ratio of one to twenty parts of normal blood. The patient’s consistently normal 
prothrombin time indicated that the anticoagulant is not an antithromboplastin. This 
was further substantiated by the results obtained by using progressively diluted thrombo- 
plastin solutions11: 


Thromboplastin (mg.*) 200 100 75 50 25 10 
Prothrombin time (sec.) 
Patient é 12 12 16 17% 23 25 
Normal I : i2 12 15 17% 23 24% 
Normal II y 12 12 15 17 22 25 
*Quantity of standardized acetone-dehydrated rabbit brain extracted with 5 ml. saline 
solution. 
Although the patient improved clinically, he continued to have subcutaneous and 
intramuscular hemorrhages usually as the result of slight trauma. He was studied monthly 
and the results of December 12 are representative: 


Patient’s blood (ml.) 1.0 0.7% 


Normal blood (ml.) ).28 








Clotting time (min. ) 50 5M 
Per. (see. ) 8% 8% 
Patient’s blood (ml. ) 2.0 0.3 
Normal blood (ml. ) iy 


T.A.T. 10 “10 10 


By means of both the prothrombin consumption time and the thromboplastinogen ac- 
tivity time tests, it was evident that the patient’s blood continued to have a high titer 
of the anticoagulant. The clotting time, on the contrary, failed to detect the inhibitor. 
Thus, one part of normal blood completely corrected the clotting time of three parts of 
the patient’s blood. 

During the period of Jan. 9 to 24, 1953, the patient was given ACTH and, later, 
cortisone. No clinical improvement was noted and the anticoagulant did not decrease 
as shown by the results of February 13: 


Patient’s blood (ml. ) 1.0 0.75 2D 0.25 
Normal blood (ml.) 0.25 ‘5 0.75 1.0 


Clotting time (min.) 105 10 8 5 6% 
P.C.T. (see. ) 8 8% 9% 8 19 








Again, the clotting time gave equivocal results, while the prothrombin consumption 
time indicated that the titer remained relatively high. No further treatment was at- 
tempted but the patient was instructed to apply ice and pressure immediately after any 
injury. Gradual improvement occurred clinically but the titer of the anticoagulant did 
not materially decrease as shown by the findings of March 30: 


Patient’s blood (ml,) 1.0 0.75 

Normal blood (ml. ) 0.25 0.5 0.75 1.0 
Clotting time (min.) 35 Si, 7% 6 7% 
PACT. (see. ) 8 8 9% 10 28 


5 0.5 0.25 


e 








Improvement continued but the bleeding tendency did not disappear as he still de- 
veloped severe bruises and intramuscular bleeding from relatively mild contusions and the 
anticoagulant titer, although diminished, was still sufficiently high to be readily detected 
as shown by the findings of December 21: 


Patient’s blood (ml.) 1.0 0.75 0.5 25 2.0 
1.25 5 


Zo 0:5 





Normal blood (ml.) 

Clotting time (min.) 25 5% 5 
Aey is (see. ) 9 10 11 

eh A (see. ) 15% 31 
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Although a slow progressive improvement has continued for a year, the blood still 
contains sufficient titer of the anticoagulant to inactivate an equal volume of normal 
blood, and clinically, the blending tendency continues as shown by intramuscular and sub- 
cutaneous hemorrhages occurring after mild trauma. 

CASE 2.—J. M., a 9-year-old white boy, was not circumcised because of a hypospadias. At 
the age of 11 months, it was noted that he bruised easily, and a year later he began having 
hemarthrosis involving both knees, ankles, and elbows, and numerous intramuscular hemor- 
rhages. For several years, he was comparatively well and had no serious hemorrhages. Dur- 
ing the past year, another bleeding cycle began; he had two attacks of hematuria and in 
June, 1952, he had hemorrhages into his left ankle and knee. After a gradual recovery, he 
reinjured his knee by falling from a pony. He apparently also injured his back since he 
began complaining of back pain and after several days had hematuria. It was at this time 
(Sept. 5, 1952) that the patient was first seen and the following findings obtained: 





Clotting time 100 min. 
Prothrombin time 14 see. 
Total prothrombin time 8 sec. 
Prothrombin consumption time 8% sec. 
Thromboplastinogen activity time 8% see. 
Patient’s blood (ml.) 2.0 15 1.0 
Normal blood (inl.) 0.5 1.0 2.0 
Clotting time (min. ) 100 54 27 6 
PeCals (see, 81% 8% 9 25 
f NY A (see. ) 8% 914 2 28 


The findings clearly suggested the presence of an anticoagulant in the blood, but it was 
not possible from the history to determine the cause with any certainty. Three weeks be- 
fore these studies were made, he had a virus infection which was treated with Terramycin 
and penicillin. It should also be stated that the boy has had over thirty transfusions during 
the past eight years and has received blood intramuscularly. He has furthermore been given 
injections of a preparation named ‘‘neothromboplastin. ’’ 

The boy has always been considered to be a hemophiliac although the family history is 
negative. He has one normal brother. 


The patient was restudied Oct. 25, 1953, with the following results: 














Patient ’s blood (ml.) 1.0 0.75 0.5 0.4 0.3 0.1 

Normal blood (ml.) 0.25 0.5 0.6 0.7 0.9 1.0 
Clotting time (min. ) 18 5 5 5 5 5 5 
PGT. (see. ) 10 11 UY 21 16 17 23% 
Patient’s blood (ml.) 2.0 15 1.0 0.6 0.4 

Normal blood (ml.) 0.5 1.0 14 1.6 2.0 

A ba (sec. ) 9 9 9 10 Li 24 


The change that occurred in a year is striking, especially the decrease in the clotting 
time from 100 to 18 minutes. If it were not for the results of the prothrombin consumption 
time and thromboplastinogen activity tests done on mixtures of the patient’s blood with nor- 
mal blood, the presence of the anticoagulant would have been missed, since one part of normal 
blood added to three parts of the patient’s blood brought the clotting time to five minutes. 
The persistence of the anticoagulant in remaining in the blood for a long period is well illus- 
trated by this patient. 


THROMBOPLASTINOGEN TITRATION TEST 


In order to differentiate hemophilia from the hemophilia-like condition caused by the 
anticoagulant (antithromboplastinogen), a simple procedure was developed. It consists in 
adding increasing amounts of a standard preparation of thromboplastinogen to a series of 
test tubes containing a fixed volume of blood, and in determining the prothrombin remaining 
in the serum after the bloods are clotted under standardized conditions. A small amount of 






















5 J x tLS, 2 ) ISSEY J. Lab. & Clin. Med. 
98 QUICK, DANIELS, AND HU ix a (a9 ed. 


thromboplastinogen will correct the defective prothrombin consumption in hemophilia, whereas, 
a much greater quantity is required to increase the prothrombin consumption to normal in 
blood containing the anticoagulant. 

Preparation of Thromboplastinogen.—Ninety milliliters of normal human blood are 
collected with a silicone-coated syringe and needle, mixed with 10 ml. of 0.1M sodium oxalate 
in a silicone-coated centrifuge tube, chilled in an ice bath, and centrifuged in an angle 
centrifuge at 4,000 r.p.m. for twenty minutes. The platelet-poor plasma is deprothrombinized 
as follows: An 0.012M Ca,(PO,), suspension equal in volume to that of the plasma is cen- 
trifuged to pack the adsorbent. The supernatant water is poured off, and the plasma thor- 
oughly mixed with the Ca,(PO,), using a silicone-coated stirring rod. The plasma is cen- 
trifuged at 12,000 r.p.m. in an angle centrifuge for one hour to remove completely the ad- 
sorbent and the remaining platelets. The deprothrombinized and platelet-free plasma is mixed 
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with a volume of distilled water, cooled to 2° C. in an ice bath and carbon dioxide is bubbled 
through the solution. The precipitate, consisting essentially of thromboplastinogen and 
fibrinogen with some labile factor, but free of prothrombin, platelet factor, and various 
accessory clotting factors that are adsorbed by Ca;(PO,),, is packed by centrifugation, freed 
of the supernatant liquid, dissolved in 0.85 per cent saline solution, and brought to a volume 
one-tenth of that of the plasam from which it was derived. 

The Titration.—To a series of test tubes increasing amounts of thromboplastinogen 
preparation, as indicated in Fig. 1, are transferred and enough saline solution added to 
bring the volume to 0.3 ml. By means of a silicone-coated serologic pipette, 1 ml. of blood 
is added to each tube, which is kept in a water bath at 37° C. The clotting time is de- 
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termined and fifteen minutes later the tube is centrifuged at 2,000 r.p.m. for one minute. 
The prothrombin of the serum is determined after forty-five minutes of incubation in the 
water bath. 

From the results recorded in Fig. 1, one can plainly see how hemophilia can be dif- 
ferentiated from the condition caused by the inhibitor. Only 0.01 ml. of the thrombo- 
plastinogen preparation was required to increase the prothrombin consumption time of 
1 volume of hemophilic blood from eight to fifteen seconds. In sharp contrast, 0.09 ml. 
added to blood containing the inhibitor only increased the prothrombin consumption time 
from eight to nine seconds, and 0.3 ml. were needed to bring the value to sixteen seconds. 
Thus, the latter blood required thirty times more thromboplastinogen than hemophilic 
blood for a comparable correction. The insensitivity of the clotting time to differentiate 
the two conditions is easily discernible from the chart. 


DISCUSSION 


The conclusion of Craddock and Lawrence? that the circulating anticoagu- 
lant inhibits the action of the antihemophilic globulin is in agreement with the 
views of several other investigators who subsequently studied and reported 
eases having this inhibitory agent.® * 1% +* 14 Both Craddock? and From- 
meyer!? and their associates demonstrated specific precipitin titers in the 
serum of their patients against the antihemophilic globulin, which indicates 
that the anticoagulant actually inactivates the latter by combining with it. 
The development of the concept that antihemophilic globulin or thromboplas- 
tinogen reacts with a platelet factor to form plasma thromboplastin** makes it 
possible to offer a simple explanation for the action of the anticoagulant. By 
inactivating thromboplastinogen and, thereby, markedly depressing its con- 


centration in the blood, a condition almost identical with hemophilia is produced. 
In either disease, little thromboplastin can form and therefore the prothrom- 
bin consumption is very low. The fact that the prothrombin time is normal 
clearly shows that the inhibitor is not an antithromboplastin. 

As already pointed out, the data of the present paper supplies further 
confirmation for the concept that the anticoagulant is an antithromboplas- 
tinogen. Its action may be expressed by the equation: 


Thromboplastinogen + Inhibitor <= Thromboplastinogen: Inhibitor 


The greater the amount of the inhibitor, the more is the depression of the con- 
centration of thromboplastinogen. In most of the reported cases, the blood 
contained such an excess of the anticoagulant that the addition of a small 
amount to a relatively large volume of normal blood was sufficient to inactivate 
the thromboplastinogen content of the latter, thereby causing a prolonged 
clotting time of the mixture. 

In the cases presented in the present study, the initial findings also showed 
a sufficient excess of anticoagulant to prolong the clotting time of normal blood 
to which the patient’s plasma was added. As the patients improved, the anti- 
coagulant apparently diminished sufficiently so that the agent was no longer 
demonstrable by the clotting time test on normal blood even though still 
present in relatively high concentration, as indicated by the prothrombin 
consumption test. The lack of sensitivity of the clotting time test may be ex- 
plained as follows: The speed of inactivation of thromboplastinogen of nor- 
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mal blood by the inhibitor is dependent on concentration of the latter. If it is 
not sufficiently high, a small amount of thromboplastinogen may escape in- 
activation and react with the platelet component to form a small amount of 
thromboplastin and a corresponding quantity of thrombin which, though small, 
is enough to reduce the clotting time to the normal range. This is comparable 
to thrombocytopenia, in which a normal clotting time continues to be found 
even when the platelet count is reduced to 3,000 per cubic millimeter or less. 
Since plasma, which is completely deprived of platelets, is incoagulable, it is 
obvious that only a small number of platelets is sufficient to reduce the clotting 
time to normal. 

In both patients, the prothrombin consumption and the thromboplastino- 
gen activity tests showed that the anticoagulant continued to remain in the 
blood in a relatively high titer, while the clotting time test failed completely 
to detect its presence. The implication of these observations is obvious. Since 
the clotting time test does not differentiate with certainty true hemophilia 
from the hemophilia-like disease induced by the anticoagulant, cases of the 
latter type can easily be mistaken for true hemophilia. It is very probable that 
the number of cases in which a bleeding condition is caused by the acquired 
anticoagulant is much higher than is indicated by the few reported cases, since 
the anticoagulant can easily escape detection if only the clotting time test 
is used. 

The complication of hemophilia by the anticoagulant is especially im- 
portant for both theoretical and practical reasons. Frommeyer and associ- 
ates’? found that five out of a series of twenty-two cases of classical hemophilia 
contained the anticoagulant, as shown by the clotting time test, and were 
refractory to treatment by transfusion. It is probable that if the prothrombin 
consumption test had been used in addition to the clotting time test, the in- 
cidence of the anticoagulant occurring in hemophiliacs, especially in those 
treated by plasma fraction, would have been found even higher. It is likely 
that the fluctuations in the clotting time and even variations in the clinical 
course of the disease may perhaps in many eases be traceable to the occur- 
rence of the anticoagulant in the blood. In uncomplicated hemophilia, the 
clotting time may remain remarkably constant, as recorded in a previous 
study.1® The second patient, J. M., who is very likely a true hemophiliac, 
illustrates how the anticoagulant may distort the basic or primary defect. 
The clotting time of nearly two hours observed in the first study suggested 
severe hemophilia, but the drop to eighteen minutes, a year later, makes such 
a conclusion doubtful. Perhaps, even the periodic changes of his clinical con- 
dition may be due to variation in the concentration of the inhibitor. 

There is much evidence that the antithromboplastinogen is caused by iso- 
immunization as Craddock and Lawrence? first suggested. It is particularly 
significant that the inhibitor is rather frequently observed in hemophiliacs who 
have received numerous transfusions of blood and particularly plasma protein 
fractions. The development of antithromboplastinogenemia post partum is 
also in support of the theory of isoimmunization. Particularly interesting is 
the observation of Frick’ that the agent even appeared in the blood of a baby 
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born of a mother who had this bleeding condition following a previous preg- 
naney. Whether causes other than isoimmunization can bring about the pro- 
duction of-the inhibitor is still problematic. 

While the causative factor of the antithromboplastinogenemia in Case | 
remains undetermined, it appears fairly certain that transfusions were of no 
striking benefit and it is possible that they may have actually accentuated the 
bleeding tendency. It is likely that transfusions and the injection of blood 
intramuscularly may have induced the condition in the second patient. In 
neither case has it been determined whether transfusions would cause an in- 
crease in the titer of the anticoagulant. 

The differentiation between hemophilia, hemophilia complicated by an 
anticoagulant, and hemophilia-like disease (acquired antithromboplastinogene- 
mia) is of great practical importance since rational therapy is dependent 
upon it. While fresh blood or plasma will specifically cause a temporary 
correction of the deficiency in hemophilia (the lack of thromboplastinogen), 
it may in the other two conditions perhaps stimulate a further production of 
the inhibitor and accentuate the hemorrhagic state. Craddock and Lawrence? 
cite such an instance. In addition to transfusions, other agents or conditions 
‘an bring about antithromboplastinogenemia and intensify the hemorrhagic 
state after it has been established. Several cases have been reported in which 
the disease developed post partum.® 7 17 1% 19 Frick’s report is especially note- 
worthy, as a clinical remission occurred which lasted until a second pregnancy 
came almost to term, at which time the bleeding tendency again became acute 
and presumably the anticoagulant titer increased. 

The tendency of the disease to improve gradually and even become clin- 
ically latent makes the need of a sensitive method for detection and diagnosis 
particularly urgent. As pointed out, the clotting time test is not sufficiently 
sensitive to detect mild, or even moderately severe, cases. The prothrombin 
consumption test carried out on varying mixtures of the patient’s with normal 
blood furnishes a simple means not only to detect the anticoagulant but also to 
titrate its concentration. The thromboplastinogen titration test is even more 
promising, since a preparation of fairly uniform potency can be prepared, 
and the anticoagulant measured in units of thromboplastinogen. 

If antithromboplastinogen is detected in the blood, the transfusion of blood 
or plasma becomes of doubtful value and might even be harmful since it may 
stimulate the production of more inhibitor as observed by Craddock and Law- 
renece.2. Their observation that washed red cells did not cause an increase in 
the anticoagulant suggests that it is preferable to whole blood or plasma 
to correct blood loss. The use of plasma seems indicated only if hemorrhagic 
shock is imminent. Neither cortisone nor ACTH had any beneficial effect on 
the first patient, which agrees with the observation of other investigators® * 1% °° 
with the exception of Van Creveld and associates,2! who noted temporary 
benefit. 

SUMMARY 

Two cases were a bleeding diathesis in which the causative factor was 

found to be antithromboplastinogen are described. It was observed that the 
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prothrombin consumption test carried out on the serum from varying mixtures 
of the patients’ blood with normal blood was a more sensitive test for detecting 
the inhibitor than was the clotting time. A new test was developed for dif- 
ferentiating hemophilia and antithromboplastinogenemia: It consists of adding 
increasing quantities of a standardized thromboplastinogen preparation to a 
fixed volume of blood and determining the prothrombin remaining in the 
serum. Significantly, greater quantities of thromboplastinogen are required to 
bring the prothrombin consumption to normal in antithromboplastinogenemia 
than in hemophilia. 
ADDENDUM 


On March 26, Patient 1 noted a gradual swelling of his tongue and difficulty in swallow- 
ing. This was found to be due to infiltration of blood. Presumably, he had ruptured a 
small blood vessel in his pharynx from coughing. A few days earlier he had had a relatively 
mild upper respiratory infection. He was taken immediately to the hospital. The swelling 
in his throat continued and twenty-four hours later, a tracheotomy had to be performed. In 
spite of continuous transfusion of blood, the profuse postoperative bleeding continued, blood 
trickled into his trachea, and gradually filled his bronchial tree, causing death by suffocation. 
Continuous aspiration of the bronchi by suction was of no avail. 
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THE HEMODYNAMIC AND METABOLIC RESPONSE OF THE HUMAN 
HYPERTENSIVE KIDNEY TO A STANDARD DOSE OF 
1-HYDRAZINOPHTHALAZINE (HYDRALAZINE) 


ARCHER P. Cros.ey, JR., M.D., GeorGE G. Rowe, M.D.,* aAnp 
CHARLES W. CruMPTON, M.D., Mapison, WIs. 


REVIOUS observations by Barker and associates! in normotensive subjects 

demonstrated that the increase in renal blood flow, produced by the intra- 
venous administration of salt-poor human albumin, resulted in a dispropor- 
tionate decrease in arterial-renal venous oxygen difference, with a significant 
reduction in oxygen consumption. Since Hydralazine has been shown to in- 
crease renal blood flow in hypertensive patients,” this agent appeared to be ideal 
for the investigation of the interrelationships between the vascular and metabolic 
reactivity of the hypertensive kidney. 

The purpose of this paper is to present the renal metabolic and vascular 
adjustments following the intravenous administration of 0.25 me. per kilogram 
of Hydralazine to hypertensive patients. 


MATERIALS AND METHODS 


Six fasting, hypertensive patients of Smithwick grade II to IV were studied for two 
fifteen-minute periods before (C) and two fifteen-minute periods (30 to 45 an 45 to 60 
minutes) after (E) the intravenous administration of 0.25 mg. per kilogram of 1-hydra- 
zinophthalazine (Hydralazine).t The selection of these times was based on statistical 
design and the pre¥ious observation in this laboratory that blood pressure stabilization, 
following the intravenous use of this agent, occurred between 30 and 60 minutes after 
injection.’ 

In four such subjects, measurements of glomerular filtration rate (inulin clearance), 
total renal blood fiow (Fick PAH), and arterial-renal venous oxygen differences were 
determined, utilizing routine clearance techniques4 and right renal vein catheterization. 
Oxygen consumption was calculated as the product of total renal blood flow and arterial- 
renal venous oxygen difference. In the remaining two individuals, these measure- 
ments were supplemented by the determination of the tubular maximal secretory capacity 
of PAH. In one of the six patients, data on cardiac output (Fick) were collected just 
prior to, and at the completion of, the renal study. Blood pressure was recorded by means 
of an indwelling intra-arterial needle utilizing a strain gauge manometer and a Sanborn 
Poly-Viso recorder. ; 

Analyses of inulin and PAH in plasma and urine were performed according to the 
methods of Harrisons and Smith and colleagues,® respectively. 
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Hospitals, University of Wisconsin and The Veterans Administration Hospital, Madison, Wis. 
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Determinations of oxygen were carried out by the manometric method of Van Slyke 
and Neill? on whole blood samples collected anaerobically in heparinized syringes. Duplicate 
runs on arterial and renal venous oxygen contents checked within + 0.05 volume per cent. 
Although measurements of oxyhemoglobin were made on the individual samples to as- 
certain factors of dilution caused by the presence of the anticoagulant, the results are 
uncorrected for this factor, since differences in the corrected and uncorrected values were 
not statistically significant. In addition, the variability of the oxyhemoglobin among 
repeated samples of the same specimen of blood was not significantly different from the 
variability among any given arterial-renal venous difference (20 = + 02 scale divisions 
= + 0.2 vol. per cent). Such variability is within the error of the instrument (Coleman 
Senior Spectrophotometer).§ 

Hematocrits were determined by the method of Wintrobe,9 uncorrected for trapped 


plasma. 























-60 
To 


Fig. 1.—Effect of 0.25 mg. per kilogram of Hydralazine on renal metabolism. Circles 
represent percentage change from mean control levels indicated by the horizontal solid line at 
OQ. Dotted horizontal lines represent + 2.47 standard errors of measurement for each function 
ee of statistical significance when p = < .05 n = 6. Abbreviations same as in 
rable I. 





RESULTS 


The results are summarized in Table I. Fig. 1 is a diagrammatic summary 
of the metabolic observations. 


The intravenous administration of 0.25 mg. per kilogram of Hydralazine 
produced a statistically significant reduction (-19 per cent) in mean arterial 
blood pressure (p = < .01). The latter was accompanied by a significant and 
disproportionately greater increase in total renal blood flow (+62 per cent 

= < .01) caused by a reduction in renal peripheral resistance (—47 per cent 
'= < .01). Glomerular filtration rate remained unchanged. 
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The enhancement of renal blood flow was associated with a proportional 
reduction in arterio-renal venous oxygen difference (-33 per cent p= < .01) 
such that the product of these two factors, namely, the renal oxygen consump- 
tion, remained essentially unchanged. 

Plasma extraction of PAH decreased significantly in three cases. A fur- 
ther check of whole blood extraction in one of these cases demonstrated that this 
fall was not the result of an altered ratio between the plasma and red blood 
cells. In two patients the tubular maximal secretory capacity of PAH re- 
mained unchanged. 

In one case, the simultaneous measurement of cardiac output demonstrated 
essentially no change in this function despite a 65 per cent increase in total 
renal blood flow. 
DISCUSSION 


The results in these six patients demonstrate that the hypertensive kidney, 
in response to an increased renal blood flow produced by a standard intravenous 
dose of Hydralazine, is capable of decreasing its arterial-renal venous oxygen 
extraction, thereby maintaining its initial level of oxygen consumption. Thus 
the maintenance of Qo, is a different result from that previously reported in 
normotensive individuals when renal blood flow was inereased by salt-poor 
human albumin.' The explanation for such a difference is not apparent. Two 
possibilities present themselves. The observation in normotensive individuals’ 
might have been related to an effect of the albumin per se on the metabolic pat- 
tern. On the other hand, the maintenance of oxygen consumption in these 
hypertensive patients might reflect a loss of renal metabolic reactivity. Since 
the pattern described following Hydralazine is similar to that found in other 
organs of the body in response to an increased regional blood flow,’® the first ex- 
planation would seem the more plausible one. 

The finding of a decreased PAH extraction in three patients is in accord 
with the observations of Dustan and associates,!° and might suggest the presence 
of intrarenal vascular shunts. The maintenance of glomerular filtration rate 
and Tmpan indicate, however, that if such shunting occurs it is in addition to, 
rather than to the exclusion of, previously functioning channels. Furthermore, 
the fact that the metabolic pattern remained the same whether or not a decrease 
in Epay occurred, precludes the possibility that the changes in arterial-renal 
venous oxygen difference are primarily related to vascular shunting and 
arterialization of the renal venous blood. These data lend additional support 
io the concept that the human kidney, like other body organs, is capable of 
altering its arterial-renal venous oxygen difference in response to changes in 
renal blood flow. This is in contrast to previous reports that the oxygen con- 
sumption of the kidney is a direct function of alterations in renal blood flow.*? 

One of the patients studied showed an increase in cardiac output of only 

3 per cent at a time when renal blood flow was enhanced +65 per cent. This 
led to a comparison of the results obtained in these six patients with a similar 
series of fourteen hypertensive patients’ studied in this laboratory in whom 
measurements of cardiac output were made before and after a similar dose of 
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Hydralazine. Such a comparison led to the interpretation that in the hyper- 
tensive subject, Hydralazine produces a mean increase in renal blood flow (+62 
per cent) out of proportion to the mean increase in cardiae output (+28 per 
cent). The difference between these two figures is highly significant (p = < .01). 
Thus the relationship between renal blood flow and ecardiae output in hyper- 
tensive patients would appear to be the reverse of that previously reported by 
Wilkinson and associates'® in normotensive individuals. 


SUMMARY AND CONCLUSIONS 


Hydralazine was administered to six hypertensive patients in a stand- 
ard dose of 0.25 mg. per kilogram. Associated with a significant decrease in 
mean arterial blood pressure (—19 per cent), an increase in renal blood flow 
(+62 per cent) occurred, caused by a marked reduction in renal peripheral 
resistance (—47 per cent). The enhancement of renal blood flow was accom- 
panied by a decrease in arterial-renal venous oxygen difference such that the 
renal oxygen consumption was maintained. A comparison of the increase 
in renal circulation with measurements of cardiac output suggests that the 
hypertensive kidney receives a disproportionately greater quantity of blood than 
might be predicted from the change in cardiac output. The maintenance 
of glomerular filtration rate and tubular maximal secretory capacity of PAH 
despite a decrease in arterial-renal venous oxygen difference and a diminished 
extraction of PAH suggest that if intravascular shunts occur, they are in ad- 
dition to, rather than to the exclusion of, previously existing vascular channels. 

The authors wish to acknowledge the valuable technical assistance provided by Mrs. 
Marion Hindersinn, Miss Mary Novitski, Miss Beryl Welch, Mrs, Audrey Peterson and 
Mrs. Karine Hovey. 
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HUMAN SERUM ALBUMIN TAGGED WITH I? IN PATIENTS WITH 
ASCITES CAUSED BY ABDOMINAL CARCINOMATOSIS AND PORTAL 
CIRRHOSIS: THE RATES OF INTERCHANGE BETWEEN THE 
VASCULAR COMPARTMENT AND PERITONEAL CAVITY 
Ma.tcotm P. Tyor, M.D. 
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INTRODUCTION 


INCE Von Recklinghausen first described the cells lining the serous 

surfaces, many studies have dealt with the transfer of various materials 
between the peritoneal cavity and vascular compartment.’ In most of these 
investigations, various types of particulate matter and solutions were in- 
jected into the peritoneal cavity of normal animals; observations were then 
made on the mode of transfer and time of appearance of such substances in 
the blood and lymphaties.** 

In previous clinical investigations, measurements have been made of 
colloid osmotic pressure and albumin concentration in the plasma and ascitic 
fluid of patients with cirrhosis, after the intravenous injection of relatively 
large amounts of concentrated albumin. ° 

In the present study, 5 to 10 mg. of human serum albumin labeled with 
I'*1 was injected intravenously or intraperitoneally into patients with ascites 
caused by abdominal carcinomatosis or portal cirrhosis. The rates of de- 
creasing concentration of the tagged albumin from the injected compartment 
and inereasing concentration in the other were determined. 

























MATERIALS AND METHODS 






Subjects.—Eleven hospitalized women with ascites were studied; nine had abdominal 
carcinomatosis, and two had portal cirrhosis. All diagnoses were proved by biopsy. The 
patients with carcinomatosis all had normal serum protein concentrations and albumin- 
globulin values; none had clinical evidence of cirrhosis, nor significant alterations in the 
several liver function tests* performed. Both cirrhotic patients had relatively low plasma 
albumin values and abnormal liver function. Proteinuria was not present in any patient. 

All patients had been requiring paracenteses at ten-day to three-week intervals. 
Paracenteses, with the aspiration of an appreciable amount of fluid, were not performed 
for at least five days prior to the study nor during the study. All subjects showed evidence 
of ascitic fluid accumulation during the. period of observation, and an individual gain in 
body weight of 0.5 to 2.3 kg. Since their general condition was poor, and most had an 
impaired food intake, the increasing body weight probably failed to indicate the true 
rate of accumulation of fluid. 

I131-Tagged Albumin.t—Each lot of iodinated albumin used in the present study was 
dialyzed at 4° C. under sterile conditions for eighteen to forty-eight hours against distilled 
water in beakers changed at frequent intervals. At the end of the dialysis, the radioactivity 
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*Bromsulfalein retention, van den ‘Bergh’s, cephalin cholesterol flocculation, thymol 
turbidity, and urine urobilinogen. 

+The tagged serum albumin was obtained from the Department of Radioactive Pharma- 
ceuticals, Abbott Laboratories, North Chicago, IIl. 
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outside the membrane was between 1 and 3 per cent of the total; 90 per cent of this dialyzable 
activity appeared in the first eight hours. 

Immediately following the dialysis, and just prior to administration, the iodinated 
albumin was diluted with sterile physiologic saline solution to give 20 to 30 we per milliliter 
of solution to be injected. 

Route and Method of Injection—Five patients with carcinomatosis were given the 
tagged albumin intraperitoneally; in four the material was administered by the intravenous 
route. The tagged albumin was injected intraperitoneally into one patient with cirrhosis and 
intravenously into the other. 

In the patients injected by the intraperitoneal route, a polyethylene tube was inserted 
into the peritoneal cavity through a 15-gauge needle, which was subsequently withdrawn. 
The tubing was held in place by a purse-string suture. Ten milliliters of the iodinated 
albumin solution were injected through a calibrated syringe directly into the peritoneal 
cavity at a site on the opposite side of the abdomen from that of the polyethylene tubing. 
The syringe was rinsed several times with ascitic fluid. The patient was then turned in 
various positions, and the abdomen massaged in order to facilitate mixing. In each patient, 
six samples, each consisting of 10 ml. of ascitic fluid, were withdrawn through the 
polyethylene tubing at ten-minute intervals and were treated with heparin. The injected 
tagged albumin was uniformly distributed throughout the ascitic fluid within twenty minutes 
after injection, and at sixty minutes showed no significant variation. The volume of ascitic 
fluid was calculated by dividing the total radioactivity injected by the concentration after 
complete mixing. 

Ten milliliter samples of ascitic fluid and blood were then obtained concomitantly and 
heparinized at 3, 6, 12, 24, 48, 72, 96, and 120 hours after injection. All samples were 
centrifuged at 3,500 r.p.m. for twenty minutes. The plasma and supernatant ascitic fluid 
were transferred to clean, dry test tubes and were then stored for counting and determination 
of the albumin concentration. 

In those patients injected intravenously, the polyethylene tube was inserted into the 
mid-lower portion of the peritoneal cavity in a manner similar to that described previously. 
Following this procedure, 10 ml. of the iodinated albumin solution was injected intravenously 
through a sterile calibrated syringe. Ten milliliters of blood were then obtained fifteen minutes 
later from the arm opposite to the site of injection and was treated with heparin, this sample 
being used for determination of plasma volume.7 Venous and ascitic samples were obtained 
at the same time intervals as in those patients injected intraperitoneally and were treated 
similarly. 

Counting Methods——Gamma counting, using a Marinelli cup and bismuth-walled 
Geiger-Miiller tube, was performed on all samples.8 The activity of all samples was such 
that the probable counting error was less than 3 per cent. 

In several samples, taken at various time intervals in both groups of patients, 1 ml. 
each of both plasma and ascitic fluid was precipitated with 4 ml. of 10 per cent trichloro- 
acetic acid. The total activity in 1 ml. was compared with the activity in the 
trichoroacetic acid precipitate. Beta counting was employed, using an end window Geiger- 
Miiller tube.8 Ninety to 95 per cent of the activity was present in the trichloroacetic acid 
precipitate. 

Stable Methods.—The albumin was measured photometrically by the biuret reaction 
after precipitation of the globulin with 22 per cent sodium sulfate. 


RESULTS 
The initial volumes of fluid in the compartments of injection in all 
patients are shown in Table I, along with the concentration of albumin in the 
ascitie fluid and plasma, and the total content of albumin in the two compart- 
ments of injection. Since the concentrations of stable albumin in the blood 
and aseitie fluid in each patient showed no significant change during the study, 
ihe mean values are shown. 
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Fig. 1.—Rate of exchange of iodinated serum albumin between the vascular compartment 
and peritoneal cavity. Carcinomatosis with ascites; mean values in two groups of patients. 
- Semilogarithmic plot. The descending unbroken and broken curves represent the mean values 
of decline in concentration of radioactivity from the ascitic fluid and plasma in the patients 
with carcinoma. The ascending curves represent the corresponding increase in concentration 
of radioactivity in the opposite compartments. 


7 


™e 
re 
~ 
_- 


. ea 
-—— 
° -— 


= me, 
. 
— — « al a a 
o— 
- 


~ 
— — as, 


ome INTRAPERITONEAL INJECTION 
= we INTRAVENOUS INJECTION 


MICROCURIES PER GRAM ALBUMIN X 10-3 








T T T T 1 
24 46 72 96 120 


HOURS 


Fig. 2.—Rate of exchange of iodinated serum albumin between the vascular compartment 
and peritoneal cavity. Cirrhosis with ascites; two patients. Semilogarithmic plot. The 
descending unbroken and broken curves represent the decline in concentration of radioactivity 
from the ascitic fluid and plasma in two patients with cirrhosis. The ascending curves repre- 
sent the corresponding increase in concentration of radioactivity in the opposite compartments. 
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TABLE I. THE INTERCHANGE OF TAGGED ALBUMIN BETWEEN THE PLASMA AND ASCITIC FLUID 
AFTER INTRAPERITIONEAL AND INTRAVENOUS INJECTION 








| ALBUMIN RATE OF 
ASCITIC ALBUMIN CONTENT INTER- 
FLUID | CONCENTRATION] = agcItTic CHANGE 
ROUTE OF VOLUME (GM. %)t FLUID Tl, 
INJECTION DISEASE PATIENT | (ML.)* | ASCITIC|PLASMA| (GM.) + (HOURS) § 
Intraperi- Carcinoma with J.G. 4,359 2.85 4.00 124 39 
toneal ascites A.M. 2,409 3.14 4.01 76 11 
D.H. 3,520 3.42 4.00 120 52 
M.G. - 2,709 3.97 4.47 108 51 
M. C. 3,408 2.96 3.83 101 51 
Cirrhosis with M.S. 3,158 2.98 3.41 94 17 
ascites ALBUMIN 
PLASMA CONTENT 
VOLUME PLASMA 
(ML. )* (GM.) 
Intravenous Carcinoma with R. E. 1,301 3.36 53 
ascites B.S. 2,189 3.42 94 
M. A. 2,081 3.54 82 
L.M. 4,768 3.38 195 
Cirrhosis with be. 2,908 2.63 : 92 
ascites 











*Initial volume of injected compartment. 

+Mean values for individual determinations throughout five days of study (mean differ- 
ence for individual determinations: 0.05 to 0.21 Gm. per cent). 

tAlbumin content of injected compartment at beginning of study. 


§Rate of interchange is herein defined as the slope of the line obtained from the differ- 
ences between the specific activities at the various time intervals (t% = half-time). 


In the determination of the rates of disappearance of the tagged albumin 
from the injected compartment and its appearance in the other, the values of 


the various plasma and ascitic fluid samples were expressed in terms of 
specific activity (microcuries per gram of albumin) (Figs. 1 and 2). 

Behavior of Tagged Albumin in the Injected Compartment.—In all patients, 
following the administration of iodinated albumin into either peritoneal fluid 
or blood, a rapid initial decline in the concentration of radioactivity occurred 
in the injected cavity within the first twelve to twenty-four hours. This early 
fall in activity was greater in the patients with carcinomatosis injected intra- 
venously than in those given intraperitoneal injections. After twelve to 
twenty-four hours, there was a more gradual rate of disappearance from the 
injected compartment with both routes of injection. The slopes of the 
curves showing disappearance in the two compartments were similar through- 
out the remainder of the 120 hours of observation (Fig. 1). In general, the. 
curves of disappearance of tagged albumin in the two cirrhotic patients were 
similar to those seen in individual cases of carcinomatosis (Fig. 2). 

Appearance in the Other Compartment.—aA significant amount of radio- 
activity appeared within three hours in the vascular compartment after the 
injection of tagged albumin into the peritoneal cavity, and in the peritoneal 
cavity after its intravenous injection. In all patients there was a relatively 
rapid inerease in activity during the first twenty-four hours after injection. 
In those with carcinomatosis, this increase was somewhat more pronounced 
in the patients given the albumin intravenously. The increase in radioactivity 
was more gradual after twenty-four to forty-eight hours with either route 

‘ injection in the two diseases, and during the remainder of the study the 

curves showed similar slopes of appearance (Figs. 1 and 2). 
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Equilibrium Time.—The level of specific activity of albumin in the injected 
compartment and in the other approached an equilibrium in all patients studied. 
Complete equilibrium between the two compartments was not attained in four 
of the patients with carcinomatosis to whom the albumin was administered 
intraperitoneally. In the other patient, uniform distribution of the iodoalbu- 
min throughout the two compartments occurred within fifty-eight hours after 
injection. In those patients with carcinomatosis who were given intravenous 
injections, equilibrium was not reached in two during the period of study. 
In the two other patients, uniform distribution between the two compartments 
occurred at approximately 108 hours (Fig. 3) and 118 hours, respectively. 
Equilibrium time in the two cirrhotic patients was approached at a rate 
similar to those with carcinomatosis. 
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Fig. 3.—Rate of interchange of I*!-tagged albumin between the plasma and ascitic fluid. 
Abdominal carcinomatosis (Patient R. E.). Semilogarithmic plot. In this subject, uniform 
distribution of the intravenously administered tagged albumin between the plasma and ascitic 
fluid occurred at approximately 108 hours. The linear plot (rate of interchange) was obtained 
from the difference between the specific activities of the plasma and ascitic fluid at the speci- 
fied time intervals. The half-time (t%) was obtained graphically as shown by the horizontal 
and vertical dotted lines. 
Rate of Interchange.—With either route of injection, the difference be- 
tween the specific activities of the two compartments, at each of the observed 
intervals, appeared as a straight line when plotted on a semilogarithmic scale 
against time. Since the specific activity of the tagged albumin approached 
a common level in both compartments, and since there was continual inter- 
change between the two, the slope of the linear plot was considered to repre- 
sent a measure of the rate of interchange of the administered iodinated 
albumin in the two compartments (Fig. 3). The half-time can be read 
graphically from the slope of the linear plot; individual values are shown in 


Table I. 
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COMMENT 

It is apparent in these patients with carcinomatosis and cirrhosis that 
albumin is constantly passing into and out of both plasma and ascitic fluid, 
in conformance with the concept that the membrane between the vascular 
and peritoneal compartments is permeable to albumin and that a dynamic 
state of exchange exists. 

Although Berson and his group have recently indicated that in vitro 
labeling of albumin with iodine may induce alterations in the metabolic 
degradation rate of the albumin molecule, it is probable that its behavior 
in distribution phenomena closely reflects that of native albumin, since ultra- 
centrifugal and electrophoretic analyses of the two are indistinguishable.® 7° 
Similar exchange patterns of tagged albumin between plasma and ascitic 
fluid have been recorded in the dog, using protein labeled in vivo with 
earbon 14.4 

Following the injection of iodine-labeled albumin into either the blood or 
ascitic fluid, the apparent equilibrium indicated by the convergence of the 
curves of appearance and disappearance represents the time necessary for the 
tagged albumin to become completely mixed with the plasma and ascitic fluid 
protein. This apparent equilibrium does not represent a transfer of equal 
quantities of protein in opposite directions, since the amount of ascitie fluid 
was continually increasing in all patients studied. 

Uniform concentrations of the tagged albumin between the two compart- 
ments were attained in two patients following intravenous injection and in 
two patients following intraperitoneal injection, during the period of study. 
In these cases the measure for half-time of interchange reflected the relatively 
rapid equilibrium point. In patients.in whom equilibrium time appeared to 
be prolonged, such as in the cirrhotic patient injected intravenously, the 
half-time was increased. It was not possible to delay paracentesis in many of 
the patients studied. In such patients, the measurement for half-time of inter- 
change served to shorten the period of observation and still allowed approxi- 
mation of equilibrium time between compartments. 

The fluid volume and concentration of albumin in blood and ascitic fluid 
have been shown to influence the rate of transfer of water and protein.® In 
the present study, there was no consistent relationship between the half-time 
of interchange in individual patients and the initial volume of fluid or con- 
centration of albumin in the injected compartment; nor was there any con- 
sistent relationship between this approximation of equilibrium time and the 
rate of ascitic fluid accumulation, as judged by the frequency of required 
paracenteses. 

Prentice and associates’* have studied the exchange of tritium-labeled 
water between the peritoneal cavity and vascular compartment in patients 
with carcinomatosis and cirrhosis; here, in both diseases, uniform concentra- 
tion between compartments may occur within ten hours. In the present 
study, using a protein of relatively high molecular weight, equilibrium time 
was comparatively prolonged in the patients with carcinoma and in those with 
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cirrhosis. In dogs with experimental ascites, globulin as well as albumin has 
been shown to exchange between the plasma and ascitic fluid; uniform con- 
centration of globulin between compartments was somewhat slower, however, 
than that of albumin.’! Although there are many individual factors which 
influence the complex disturbance of ascitic fluid accumulation, these studies 
suggest that the ability to differentiate between molecular size is maintained 
and that similar mechanisms are at play in the two diseases studied. 

Regardless of cause, ascitic fluid accumulation must be due to an im- 
balance between inflow and outflow from the peritoneal cavity; either or both 
factors could be responsible.’* A decrease in ascitic fluid accumulation is 
frequently evident following various forms of therapy. It is suggested that 
the measurement for half-time of interchange of tagged albumin may reflect 
the over-all defect in the mechanisms causing ascitic fluid accumulation and 
that repeated determinations in the same patient, before and after treatment, 
may help to clarify these problems. 


SUMMARY 


Tracer amounts of human serum albumin labeled with I'*! were injected 
intravenously or intraperitoneally into nine patients with abdominal c¢ar- 
cinomatosis and ascites. The rates of decreasing concentration of the tagged 
albumin in the injected compartment and increasing concentration in the 
other were similar after the initial twelve to twenty-four hours. In two 
patients with cirrhosis and ascites, the patterns of exchange between compart- 
ments were similar to those seen in patients with carcinoma. The specific 
activity of albumin in the injected compartment and in the other approached 
a common value in all subjects studied. Complete equilibrium of the injected 
tagged albumin between compartments occurred in four patients during the 
period of study. Equilibrium time between compartments was approximated 
from the slope of the linear plot obtained from the differences between the 
specific activities of the plasma and ascitic fluid. The half-times were found 
to be eleven to fifty-two hours for intraperitoneal injection and eighteen to 
sixty-six hours for intravenous injection. 
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THE RELATIONSHIP OF VITAMIN B,, AND FOLIC ACID IN 
MEGALOBLASTIC ANEMIAS 
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INCE the introduction of liver therapy by Minot and Murphy, megaloblastic 
anemia has generally been recognized as a manifestation of deficiency 
disease. 

During the past decade, a number of substances have been found to have 
therapeutic activity in megaloblastic anemia. These factors can be divided in 
three groups: 

1. Factors of the folic acid group: pteroylglutamic acid, citrovorum 
factor (folinie acid), and their conjugates. In this study, we use the term 
folic acid for factors stimulating the growth of Streptococcus faecalis (includ- 
ing, therefore, CF and PGA). 

2. Factors of the vitamin B,. group: the different cobalamines. 

3. Constituents of nucleic acids: uracil, thymine, and thymidine.’ 

From the clinical point of view, vitamin B,, and folie acid are the most 
important factors. We have estimated the vitamin B,. level in the serum, and 
the folic acid activity in the blood of a number of normal persons and patients 
with different types of megaloblastic anemia. A review of the interrelationship 
of these factors is presented. 





















METHODS 







Vitamin B,. Determination in Serum.—We used Lactobacillus leichmannii A.T.C.C. 7830 






































Strain 313. The culture was carried twice a week into stock culture in a medium of the fol- t 
lowing composition: 
o 
Glucose-vitamin mixture 2.5 Gm, { 
CaCO, 2.5 Gm. 
Agar 2.5 Gm. f 
Yeast extract 2.0 Gm. 
Vitamin B,. 150.0 wg 
Crude liver extract (20 Gm. per ml.) 2.5 ml. 
Water to 100.0 ml. 
The glucose-vitamin mixture we used for the preparation of the basal medium consisted 
of the following composition: 
Glucose 800 Gm. 
Tryptophan 4 Gm. 
Cystine : 4 Gm. 
Adenine 200 mg. 
Guanine 200 mg. 
Uracil 200 mg. 
Xanthine 200 mg. 1 
From the Department of Internal Medicine (Chief: Prof. F. S. P. van Buchem, M.D.), Ww 
State University of Groningen, and the Microbiological Laboratory, N. V. Philips-Roxane, i 
Weesp, the Netherlands. 3( 
Received for publication, March 12, 1954. 31 
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Pyridoxine 80 mg. 
Pyridoxal 80 mg. 
Riboflavin 40 mg. 
Nicotinic acid 40 mg. 
Ca-d-pantothenate 40 mg. 
Thiamine 40 mg. 
Folie acid 20 mg. 
p-Amino benzoic acid 20 mg. 


The basal medium we used was similar to the medium of Skeggs and associates.7 The 
stock cultures were incubated for eighteen hours at 37° C., and stored in a refrigerator at 4° C. 

The serum samples were diluted eight to ten times, and 0.5, 1, 1.5, and 2 ml. of each 
dilution was pipetted into 120 by 12 mm, test tubes. Distilled water was added to make 2 
ml., and after that, 2 ml. of double strength basal medium was poured into the tubes. 

The tubes were autoclaved for three minutes at 120° C., and incubated for forty hours 
at 37° C. After incubation, the pH of the suspension in the tubes was measured with a 
Philips pH-meter. 

Before starting the clinical determinations of the vitamin B,,. activity, we tried different 
methods. The serum samples were treated in various ways. 

1. Three milliliters of serum were diluted to 25 ml. The dilution was pipetted directly 
into the medium. 

2. Three milliliters of serum plus 10 ml. of distilled water were heated for forty-five 
minutes at 100° C., cooled, and diluted under sterile conditions to 25 ml. The dilution was 
pipetted into the sterilized basal medium. We tried this method in order to compare it with 
the method of Ross.8 

3. Three milliliters of serum plus 20 mg. of taka-diastase plus 15 ml. of buffer, pH 4.5, 
were allowed to stand for twenty hours at 37° C.; then steamed for fifteen minutes on a 
steam bath, and cooled. The pH was adjusted to 6.8 and the solution was diluted to 25 ml. 
The procedure followed next was similar to Method 1. 

4. Three milliliters of serum plus 20 mg. of trypsin plus 15 ml. of buffer, pH 7.2, were 
allowed to stand for twenty hours at 37° C., then steamed for fifteen minutes on a steam 
bath, and cooled. The pH was adjusted to 6.8, and the solution diluted to 25 ml. Further 
procedure similar to Method 1. 

5. Three milliliters of serum plus 20 mg. of papain plus 5 ug of KON plus 15 ml. of 
buffer, pH 4.5, were allowed to stand for twenty hours at 37° C., then steamed for fifteen 
minutes on a steam bath and cooled. The pH was adjusted to 6.8 and the solution diluted 
to 25 ml. Further procedure was similar to Method 1. 

A survey of the vitamin B,. values obtained by the previously mentioned methods is 
given in Table I. The first three samples are mixed samples from normal persons. The 
fourth sample is from a patient with multiple myeloma with an increase of the 8 globulin 
fraction. 


TABLE I. VALUES FOR VITAMIN B,. ACTIVITY OBTAINED BY DIFFERENT METHODS 
(IN MuG PER ML. SERUM) 











"METHOD 





SAMPLE A | B | Cc D 
1 1.042 0.600 0.625 0.250 
2 0.966 0.450 0.475 0.038 
3 0.250 0.350 0.300 0.025 
4 0.240* OCSiro” 0.475* O:L75" 
5 O17 0.100 0.175 0.025 








*Sample A is determined with trypsine Novo, samples B, C, and D with trypsine B.D.H. 


For the determination of free vitamin B,, activity, we applied the following method: 
To three milliliters of serum, 10 ml. of 96 per cent ethanol were added. The precipitate 
was filtered off and washed with 5 ml. of 70 per cent ethanol. The filtrate was evaporated at 
30° C., and diluted with distilled water to 25 ml. Then 0.5, 1.0, 1.5, and 2 ml. of this 
suspension were pipetted into the basal medium. 
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NIEWEG, FABER, DE VRIES, AND KROESE 






leichmannii (MuG. PER MILLILITER ) 





PERSONS | FREE 
1 0.100 
2 0.125 
3 < 0.025 
4 0.125 
5 0.090 
6 < 0.025 
7 0.125 
8 < 0.025 
9 0.120 

10 0.160 
11 0.120 
12 < 0.025 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
A 
24 
25 
26 
27 
28 
29 
29 


or 
79] 


36 











TOTAL 

0.31 
0.33 
0.35 
0.35 
0.40 
0.40 
0.40 
0.50 
0.50 
0.62 
0.70 
1.05 
0.33 
0.3 
0.40 
0.41 
0.42 
0.42 
0.425 
0.44 
0.45 
0.47 
0.50 
0.50 
0.52 
0.52 
0.56 
0.60 
0.63 
0.67 
0.70 

0.71 

0.74 











TABLE 






















































[II. 


VITAMIN B,, LEVEL IN SEVENTEEN PATIENTS WitH PERNICIOUS ANEMIA IN 


RELAPSE (MuG PER MILLILITER ) 





uJ < 0.005 
2 < 0.010 
3 < 0.005 
4 < 0.025 
5 < 0.025 
6 < 0.025 
f 0.040 
8 0.080 
9 0.025 

10 0.025 

11 0.050 

12 0.050 

13 

14 

15 

16 








<0.005 

0.010 

0.020 

< 0.025 

0.025 

0.030 

0.070 

0.075 

0.080 

0.090 

0.120 

0.150 

0.080 

0.090 
0.140 
0.160 
0.175 
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TABLE II. V1iTAMIN B,, ACTIVITY OF SERUM SAMPLES OF NORMAL PERSONS FOR Lactobacillus 
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After sterilization, inoculation, and incubation, the pH of the suspensions in the tubes 
was measured. The values obtained by this method agreed with the following method, which 
is nearly similar to the method of Ross with Euglena. 

Two milliliters of basal medium were autoclaved with 1.5, 1.0, 0.5, and 0 ml. of distilled 
water, respectively. After cooling, 0.5, 1.0, 1.5, and 2 ml. of a serum diluted under sterile 
precautions were added aseptically to the sterilized medium. After inoculation and incuba- 
tion, the pH of the solutions in the tubes was measured. 

With the aid of the alcohol precipitation method, as described previously, and Method 1, 
we have determined the free and total vitamin B,, activity in serum of normal persons and 
in serum of patients with pernicious anemia and other types of megaloblastic anemia. We 
preferred Method 1 because it gave the highest values and also because it was the simplest 
procedure. 

Folic Acid Estimations in Blood.—The technique we used was essentially that of Teply 
and Elvehjem9 with a modification by van Foreest.1° We estimated the folic acid activity 
in whole blood, i.e., the folic acid activity of the plasma and the cells. 

One should realize that the results are determined by the PGA and the CF content. 
The data have therefore no absolute value, but are used for comparing normal and pathologic 
samples, 


RESULTS 

In normal persons the values for total vitamin B,,. varied from 0.3 to 1.05 
Mug per milliliter (See Table II). These values are comparable with those 
obtained by Ross® and Mollin,!! with the Euglena gracilis technique. Nucleotides 
may stimulate the growth of Lactobacillus leichmannii in the absence of vitamin 
B,..12. These substances do not act as growth factors for the Euglena, which 
is a more specific test organism. In contrast to Girdwood,'* Rosenthal and 
Sarett!* and we could not detect any B,,. activity ‘after heating the serum for 
thirty minutes at 100° C. at pH 11 and pH 12, respectively. The values were 
often less than 0.001 Mug per milliliter of serum. We feel, therefore, reasonably 
confident in stating that the Lactobacillus leichmannii assay in serum is specific 
for vitamin Byp>. 

In pernicious anemia in relapse, we found values varying from 0.005 to 
0.175 Mug per milliliter. (See Table III.) In other megaloblastic anemias react- 
ing to vitamin B,, treatment, the vitamin B,, levels were also low. 


In most patients refractory to vitamin By, the vitamin B,, level was 
normal; in two patients, however (one case of sprue and one case of megalo- 
blastic anemia of pregnancy), the vitamin B,,. level was abnormally high. 


The values for the folic acid activity of whole blood varied in forty-three 
normal persons from 2.9 to 24.1 Mug per milliliter, averaging 8.05 Mug per milli- 
liter. (See Table IV.) In four cases of sprue, and in one patient with megalo- 
blastie anemia of pregnancy, the folic acid level was low. In these patients, 
vitamin B,. was inactive, while PGA administration was effective. In some 
patients reacting to vitamin B,,. administration (nutritional megaloblastic 
anemia, megaloblastic anemia of pregnancy, megaloblastic anemia due to 
gastrocolie fistula), the folic acid activity was within the normal range. In six- 
teen cases of Addisonian pernicious anemia, normal values were found in about 
one-half of them; in the other patients, the values were low. (See Table V.) 
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The effect of an intramuscular injection of a large dose of vitamin B,, 
(80 pg, in one case 60 pg) on the blood folic acid level was studied in seven 
previously untreated cases of pernicious anemia. The immediate effect was a 
fall in the folic acid activity, in some cases within two hours after the injection. 
In all eases in which the study was continued for seventy-two hours or more, a 
subsequent rise occurred. (See Table VI.) 


TABLE IV. Fouic Acip AcTiviry oF WHOLE BLOopD For Streptococcus faecalis IN NORMAL 
PERSONS (MyG PER MILLILITER ) 





PERSONS | PERSONS 

2.90  _——— 
2.90 24 
2.90 25 

95 26 
3.00 27 
3.50 28 
3.80 29 
4.10 

9 4.50 
10 4.60 
11 4.80 
12 4.90 
13 5.40 
14 5.60 
15 5.80 
16 5.90 
17 6.00 
18 6.10 
19 6.10 
20 6.30 
21 6.80 
22 6.90 
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TABLE V. FoLic AciIp VALUES IN SIXTEEN PATIENTS WITH PERNICIOUS ANEMIA IN RELAPSE 
(Myue PER MILLILITER ) 





” PATIENTS =~ ~~ PATIENTS 
1 4 ; 9 
” if 10 
3 11 
12 
13 
14 
15 
16 








TABLE VI. Fonic Acip ACTIVITY IN THE BLOOD OF PREVIOUSLY UNTREATED PERNICIOUS ANEMIA 
PATIENTS AT DIFFERENT INTERVALS AFTER THE INJECTION OF VITAMIN By 








| VIT. By | | | | | | | 
PATIENTS | (uG) | OHR. | 2uHR. | GuHR. | 17HR. | 24HR. | 48 mR. | 72 HR. | 
60 5.50 4.00 
80 7.60 8.70 4.60 
80 2.25 0.00 ‘ 0! 
80 2.40 ‘ J / 2.20 
80 6.25 6.38 
80 2.40 2.50 3. : 
80 3.00 ; r 125 


5 DAYS 12 DAYS 











DISCUSSION 
Megaloblastic anemias have been classified on the basis of their reaction 
to treatment into two categories: In the first group, of which Addisonian 
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pernicious anemia is the best-known example, vitamin B,. relieves all the 
manifestations of the deficiency: the anemia as well as the nervous system 
lesions are improved. The second group, of which the tropical macrocytic 
anemia studied by Wills’ is the classical representative, proved to be refractory 
to treatment with vitamin B,, or purified liver extract. Wills observed a good 
response to yeast or crude liver extract. Her studies were the first demonstra- 
tion of the activity of two dietary antimegaloblastic factors. A similar view was 
expressed by Davidson and Davis.*® 

In cases of the first group, we find a low level of vitamin B,., as might be 
expected. This supports the opinion that in this type of case we are dealing 
with a vitamin B,. deficiency. (See Table VII.) 

The values for vitamin B,, are normal or high in the B,.-refractory group. 
A vitamin B,. estimation therefore enables one to find out whether the patient 
needs vitamin B,, or PGA. 

The values for the folic acid activity of the blood were lower than normal 
in the cases which proved refractory to vitamin B,,. The reaction to PGA or 
Leucovorin administration, as well as these laboratory estimations, indicates that 
the second group is due to folie acid deficiency. 

In some of our patients who reacted to vitamin B,, (nutritional megalo- 
blastic anemia, megaloblastic anemia of pregnancy, megaloblastic anemia due to 
gastrocolic fistula), the folie acid activity was within the normal range. 

In our experience, megaloblastic anemia of pregnancy may react to treat- 
ment with vitamin B,,.'7 Sometimes, however, vitamin B,, is ineffective in 
which case PGA rapidly relieves the signs and symptoms. As might be expected 
from the effects of treatment, the results of folic acid and vitamin B,, assay are 
variable. One patient had a low vitamin B,, level with normal folie acid 
activity, another one, a low folic acid value with a high B,, level. The current 
opinion (Wintrobe,'* Jukes,'? Thompson and Ungley*°), however, is that the 
folic acid is the deficient factor in this disease. Our experience confirms the 
view expressed by Watson and Castle,” that in megaloblastic anemia of preg- 
naney, one might deal either with a lack of extrinsic factor or with a deficiency 
of Wills’ factor. 

Sixteen cases of pernicious anemia were studied. Normal folic acid values 
were found in about one-half of these cases; in the other patients, the values were 
low. The reaction to treatment with vitamin B,. alone was adequate in all these 
patients. Additional folic acid administration was not required for producing 
a complete remission. Folic acid estimations are, therefore, less useful than 
vitamin B,, determinations for predicting the response to treatment in cases of 
megaloblastie anemia. 


The problem of folic acid metabolism in pernicious anemia is complicated. 
The first theory on the interrelationship of vitamin B,, and folie acid was that 
proposed by Bethell and associates,?*** and Welch and Heinle and their asso- 
ciates.2> 7° They supposed that vitamin B,. was essential for the liberation 
of PGA from the naturally occurring conjugate. According to this hypothesis, 
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PGA is the factor essential for the normal formations of blood cells. After this 
theory was withdrawn by its originator, Welch,?’ it was still supported by 
Davidson (See Girdwood**). An argument against this theory can be found in 
our normal folic acid assay results in nine out of sixteen cases of Addisonian 
pernicious anemia in relapse. 

It has also been suggested that in pernicious anemia the conversion of PGA 
into CF is disturbed.** As it is necessary to give CF in the same dose as 
PGA in pernicious anemia patients, if one wants to obtain a maximal hemopoietic 
response, it seems unlikely that a retarded conversion of PGA into CF is the 
essential defect in patients with a vitamin B,, deficiency.”° 

On the basis of microbiologic data, the theory has been proposed that 
vitamin B,. and folic acid act as coenzymes at different stages in the biologic 
synthesis of nucleoproteins (Wright and associates,!? Jukes and associates*’). 
Our observations on the initial decrease of folic acid activity in pernicious anemia 
patients after the injection of vitamin B,. are in agreement with this theory. 
The rate of blood cell formation, which was slowed down by the disordered 
nucleic acid metabolism caused by lack of vitamin B,,, is accelerated by the 
administration of this factor. For the increased cell production in the bone 
marrow, more folic acid is required. This is in accordance with the observation 
of Vilter and associates,t who studied the folic acid excretion in a ease of 
pernicious anemia which was treated with 10 mg. PGA daily. About 60 per cent 
of this amount was excreted in the urine. After the administration of liver 
extract, only 25 per cent was excreted. Later on, the folie acid excretion 
returned to the previous level. This also seemed to indicate that vitamin B,, 
inereases the utilization of folie acid by the hemopoietic system. Another 
incidental observation deserves to be mentioned in this connection. In one 
case of megaloblastic anemia of pregnancy, the high level of vitamin B,, (1.6 
pg per milliliter) dropped to 0.66 ng one week after the institution of treatment 
with PGA. 

The folie acid activity is low in a number of cases of pernicious anemia in 
relapse. It seems, therefore, unlikely that the influence of vitamin B,, on 
folic acid metabolism can be explained by accepting an interrelationship only 
in the tissues utilizing these substances. Witts and his associates** *? expressed 
the opinion that in Addisonian pernicious anemia, a folic acid deficiency might 
exist. This provides an explanation for the therapeutic effect of folic acid in 
this condition. Alternative explanations, however, are possible. We think 
that folie acid deficiency is not the cause of the low folie acid levels in the 
blood of uncomplicated pernicious anemia, because vitamin B,, therapy without 
additional folic acid may correct all the clinical manifestations. After vitamin 
B,, administration, the folie acid levels return rapidly to normal in pernicious 
anemia. In a ease of sprue, however, with low values for both vitamin B,. and 
folic acid, vitamin B,, injection did not cause an increase of the folie acid 
values. The bone marrow remained megaloblastic and it was necessary to 
administer Leucovorin as well, in order to produce a complete remission. The 
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anemia in this case, which seemed to be caused by a double deficiency, is, there- 
fore, markedly different from Addisonian pernicious anemia, in which vitamin 
B,, is the only factor required for a complete remission. 

The low levels of folic acid and the secondary rise after vitamin By. 
injection may also be explained as a manifestation of impaired absorption in 
Addisonian pernicious anemia. In an extensive study, Girdwood** did not find 
an impairment of folic acid absorption in this condition. It is, however, possible 
that the improvement of appetite by the vitamin B,, administration causes an 
increased folic acid intake with the food. 

Another possible explanation of the effect of vitamin B,, is a mobilization 
of folie acid from the depots. Girdwood*t studied the folie acid content of the 
liver in a number of patients dying from different diseases. Most of the folic 
acid was in the form of CF. In a previously untreated patient with pernicious 
anemia, who had received 100 pg of vitamin B,. the day before his death, the 
folic acid in the liver consisted mainly of PGA. Spray and Witts*® found a 
diminished excretion of CF in the urine after a test dose of PGA in pernicious 
anemia in relapse. It seems possible that the low folie acid activity in the blood 
in untreated pernicious anemia as well as the increase after seventy-two hours 
may be explained by assuming that folie acid is mobilized from the depots in 
the liver in the form of CF and that the conversion of PGA into CF proceeds 
rapidly after the administration of vitamin B,,. Jukes®* could not demonstrate 
an inereased synthesis of CF in rats after vitamin B,, injection. It is, there- 
fore, not clear whether the secondary increase of the folie acid activity in 
pernicious anemia patients is caused by a direct catalyzing effect of vitamin 
B,2 on the conversion of PGA into CF. It is possibly a nonspecific result of an 
improvement of liver function. It is well known that metabolic changes (fatty 
degeneration) occur in the liver of untreated pernicious anemia patients. The 
liver is the main site of the conversion of PGA into CF.*" 

In conclusion, one may say that the available data on folic acid metabolism 
in Addisonian pernicious anemia suggests that: (a) vitamin B,. administration 
causes an increased utilization of folic acid in the bone marrow; (b) vitamin B,, 
has either a direct or an indirect influence on the storage of folie acid in the 
liver. The possibility, however, of an increased intake of folic acid after the 
institution of vitamin B,, therapy is not excluded. 

It is generally believed that folic acid and vitamin B,, are related to 
nucleic acid synthesis. This opinion is based on microbiologic studies (Stokes,** 
Stokstad,®® Wright and associates'*). A disturbance of nucleic acid synthesis 
is essential in the pathogenesis of human megaloblastic anemia. This is indicated 
by the effectiveness of large doses of thymine (Spies and associates,!-? Petrides,® 
Vilter and colleagues‘), uracil (Vilter and associatest), and thymidine (Haus- 
mann®). 

According to the pentose, two types of nucleic acid may be distinguished: 
desoxyribose nucleic acids (DNA) and ribose nucleic acids (RNA). DNA econ- 
tains the pyrimidine bases thymine and cytosine, RNA, cytosine and uracil. 
Another essential difference is the localization of RNA and DNA in the eell. 
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RNA occurs in the cytoplasm and the nucleolus of the cell, while DNA is found 
in the nucleus only and is considered an essential constituent of the chromo- 
somes, During cell division, the number of chromosomes is doubled; this process 
involves a twofold increase of the amount of DNA.*® * 

When lack of vitamin B,, or folic acid slows down DNA production, a 
disturbance becomes noticeable in the tissues characterized by intensive DNA 
production,*” ** in other words, the tissues with frequent mitoses. On histologic 
examination, the bone marrow, as well as the gastrointestinal tract, shows many 
cell divisions. Studies on the daily turnover of DNA phosphorus with P* 
demonstrated that it is most rapid in these tissues. 

While these considerations may provide us with an explanation for the 
megaloblastic anemia, the leukopenia, and the glossitis which we observe in cases 
of folic acid or vitamin B,, deficiency, it is necessary to discuss another important 
feature of vitamin B,, deficiency, i.e., the nervous system lesions. In the adult 
organism, the nerve cell does not show cell division and the DNA turnover is 
low. The RNA content, however, is high. The relation of RNA to protein 
synthesis has been demonstrated by Caspersson and associates.** 

In the nerve cell the intensive protein synthesis is necessary in order to 
maintain the integrity of the axon (Bodian**>). The total mass of the axon is 
estimated to be approximately one thousand times the cytoplasmic mass of the 
perikaryon in some neurons. <A continuous centrifugal flow of cytoplasmic ma- 
terial along the axon was demonstrated by Weiss and Hiscoe.*® 

According to Stern and associates*” vitamin B,,. influences RNA synthesis. 
Folie acid, however, seems to act mainly on DNA production, not on RNA 
synthesis, at least in the experiments of Prusoff, Teply, and King**; Hodson** 
reported that in the absence of folic acid the growth of Lactobacillus casei can 
be maintained by adding a DNA preparation to the medium. RNA had no 
effect in these experiments. 


We have previously pointed out that this may provide an explanation for 
the clinical observation that vitamin B,, deficiency may lead to both nervous 
system lesions and hematologic disorders; the lack of folic acid, however, causes 
anemia, while the nervous system remains intact.®” °! This concept finds sup- 
port in the experimental data of Alexander and Backlar.** 


If lack of vitamin B,,. leads to a disturbance of the RNA-protein synthesis 
mechanism, it is not suprising that manifestations are found especially in those 
parts of the nervous system where this process is most intensive, i.e., in the 
cells with the longest axons. Long ago van der Scheer and Koek**® pointed out 
that the characteristic location of the nervous system lesions in pernicious anemia 
is in the longest axons. : 

Wright and associates” suggested that folic acid is essential for the produc- 
tion of thymine. A further step is the conversion of thymine into thymidine; 
at this stage vitamin B,. is active as a coenzyme, according to these authors. 
(See Fig. 1.) Vilter and associates, who made extensive clinical observations 
on the use of uracil and thymine, came to a similar conclusion. They explain 
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URACIL — THYMINE — THYMIDINE — NUCLEOPROTEINS 


t 


FOLIC ACID VITAMIN By 


Fig. 1.—Interaction of folic acid and vitamin Biz according to Wright and associates (1948) 
and Vilter and associates (1950). 


PRECURSORS —> DESOXYRIBOSENUCLEOSIDES —> THYMIDINE —> NUCLEOPROTEINS 
{ OF ADENINE, CYTOSINE, ETC. | 
VITAMIN Byo FOLIC ACID 


Fig. 2.—Interaction of folic acid and vitamin Biz according to Jukes, Broquist, and Stokstad 
1950) 


ff ero re: POLY NEURITIS 
Wa SUBACUTE COMBINED 
PRECURSORS OF THE fo DEGENERATION 
PYRIMIDINE-BASES — URACIL —> THYMINE — DNA GLOSSITIS 
MEGALOBLASTIC ANEMIA 


VITAMIN B,. FOLIC ACID 


Fig. 3.—Interaction of folic acid and vitamin Bi according to the modified theory of Jukes, 
3roquist, and Stokstad. 


the effect of folic acid in pernicious anemia by an increased synthesis of thymine. 
The production of thymidine proceeds at a normal rate in the pernicious anemia 


patient treated with folic acid, because the increased amount of the substrate 
available for the deficient coenzyme by mass action accelerates this step, which 
had been retarded. In the microbiologic experiment, however, nucleic acid 
constituents are thought to be growth-promoting in the absence of vitamin B,. 
or folic acid, because they are products of the processes catalyzed by these 
vitamins. 

On the basis of more extensive microbiologic data, Jukes, Broquist, and 
Stokstad®® suggested that folic acid is essential for the formation of thymidine 
from other desoxyribosides. The synthesis of these desoxyribosides is catalyzed 
by vitamin B,.. (See Fig. 2.) 

From the clinical point of view, this theory has not received the attention 
which it deserves. We believe that it has definite advantages in explaining 
clinical observations. This theory indicates that vitamin B,. is necessary for 
the synthesis of different nucleosides, while folie acid is restricted in its activity 
to the conversion into thymidine, which is a constituent of DNA only. If it is 
permissible to modify this theory on the basis of observations from experiments 
with animals (Stern and associates, Alexander and Backlar), vitamin B,, is 
required not only for the synthesis of DNA, but also that of RNA. If we are 
not concerned with the question of whether or not the pyrimidine ring is closed 
before or after junction to the pentose, we can use the modified theory of Jukes, 
Broquist, and Stokstad, given in Fig. 3, to explain clinical data. Vitamin B,, 
is essential for the production of the pyrimidine ring of uracil and cytosine, 
while folie acid is thought to be responsible for the formation of thymine (5- 
methyluracil) from uracil. 

If one looks at this diagram, it becomes clear why, in cases of folie acid 
deficiency, vitamin B,, is ineffective. In vitamin B,. deficiency, folic acid may 

orrect the hematologic manifestations, because a large part of the limited 
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supply of pyrimidine bases is used for thymine formation. The amount of 
pyrimidine bases available for RNA synthesis will decrease even more, which 
may lead to a more rapid, possibly explosive, development of nervous system 
lesions.** As long as sufficient vitamin B,. is available for the process of 
pyrimidine synthesis, even large amounts of folie acid will not cause damage to 
the nervous system. The inability of folic acid to produce nervous system lesions 
in iron deficiency anemia or pernicious anemia patients given sufficient vitamin 
B,, has been adequately demonstrated by Chodos and Ross.*° It is also easy to 
see why Vilter and associates found both uracil and thymine to be effective in 
Addisonian pernicious anemia, while uracil had no effect on a patient with 
megaloblastic anemia of pregnancy, who reacted to treatment with thymine. In 
another pregnancy, the same patient again had anemia which was refractory to 
vitamin B,,. Folie acid proved to be active in this case. 

While this diagram may give an adequate explanation of clinical empirical 
facts, we wish to stress that it should be regarded as theoretical speculation only. 

This is a purely nutritional hypothesis. There is no need for the more com- 
plicated theory involving the interaction of toxic and nutritional factors pro- 
posed by Ungley,*® in order to interpret the clinical observations about the effects 
of folie acid and vitamin By». 


SUMMARY 


Clinical experience has demonstrated that megaloblastic anemias can be 
divided into two groups, one category in which neurologic disorders may occur, 
reacting to treatment with vitamin B,., and a second category reacting to folic 
acid, but refractory to treatment with vitamin B,.. The authors have compared 
the vitamin B,, levels in the serum of these groups with the aid of Lactobacillus 
leichmannii A.T.C.C. Strain 313. In the first group, of which Addisonian 
pernicious anemia is the best-known representative, the vitamin B,. content of 
the serum is low. Of the second group, the tropical anemia deseribed by Wills 
is the classical example. In this group, the vitamin B,, values are either normal 
or higher than normal, and the folic acid activity of the blood for Streptococcus 
faecalis is lower than normal, as might be expected. 

In pernicious anemia, the results of folie acid assay were variable. In 
nearly one-half of our eases, the values were low. The effect of an injection of 
vitamin B,. on the folie acid activity in pernicious anemia was also studied. 
A rapid fall occurred, sometimes within two hours. In those cases in which 
the study was continued for seventy-two hours or more, a subsequent rise was 
found. 

On the basis of these data it was argued that vitamin B,. and folie acid 
interact not only in the tissues as coenzymes at different stages of nucleic acid 
synthesis, but that vitamin B,, also influences, in some way, either the storage or 
intake of folic acid. 


Finally the role of vitamin B,, and folie acid in the synthesis of the pyrimi- 
dine bases in the nucleic acids is correlated with the clinical empirical data on 
the effects of these factors. 
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INCIDENCE OF HEMOGLOBIN C TRAIT IN 505 NORMAL NEGROES: 
A FAMILY WITH HOMOZYGOUS HEMOGLOBIN C AND SICKLE-CELL 
TRAIT UNION 


Rosr G. SCHNEIDER, PH.D. 
GALVESTON, TEX. 


oe the demonstration by Pauling, Itano, Singer, and Wells’? that sick- 
ling erythrocytes contain a type of hemoglobin electrophoretically differ- 
ent from the normal, several other genetically determined types of human 
hemoglobin have been distinguished (Itano*). 

Itano and Neel,‘ studying the inheritance of sickle-cell anemia, en- 
countered two families in which one or more children had sickling erythro- 
cytes and a hemolytic anemia of a milder form than that usually seen in sickle- 
cell anemia. Erythrocytes of only one parent in each of these families ex- 
hibited sickling, contrary to the usual finding of sickle-cell trait in both 
parents of a child with sickle-cell anemia. 

Electrophoretic analysis of the hemoglobin of the nonsickling parent in 
ach of these families revealed the presence of a hitherto unrecognized type 
of hemoglobin, now ealled hemoglobin C.?° This new type was found to- 
gether with normal hemoglobin in erythrocytes of some subjects and together 
with sickling hemoglobin in others. It migrates as a more positive ion (in 
cacodylate buffer pH 6.5) than does sickling hemoglobin, which in turn 
migrates as a more positive ion than normal hemoglobin (Itano and Neel,‘ 
Pauling and associates’’). 

Kaplan, Zuelzer, and Neel® have made a clinical and hematologic study 
of subjects whose erythrocytes contain hemoglobin C. They found that those 
individuals whose erythrocytes contain hemoglobin C and sickling hemoglobin 
present a clinical condition resembling sickle-cell anemia, but of a more be- 
nign form. This syndrome is called sickle-cell-hemoglobin C disease (Neel, 
Kaplan, and Zuelzer®) and is the expression of heterozygosity for the sickling 
and C genes, whereas sickle-cell anemia is believed the expression of homo- 
zygosity for the sickling gene. 

Subjects whose erythrocytes contain hemoglobin C and normal adult 
hemoglobin (the manifestation of heterozygosity for C and normal adult types 
of hemoglobin) are said to have hemoglobin C trait (Neel, Kaplan, and 
Zuelzer®). Kaplan, Zuelzer, and Neel’ found no clinical abnormalities asso- 
ciated with this condition, and the only consistent hematologic abnormality 
was an increased incidence of target cells. They also reported a shortened 
survival time of hemoglobin C trait erythrocytes transfused into normal 
recipients, but could not substantiate this finding in subsequent experiments 
(Kaplan, Zuelzer, and Neel*) 
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Fig. 1.—Differentiation of hemoglobin of normal adult (A), sickle-cell anemia (S), sickle- 
cell trait (AS), and C trait (AC) subjects by paper electrophoresis. Veronal buffer pH 8.7; 
6%-hour run, 300 volts, 13-23 Ma. 
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Fig. 2.—Differentiation of adult, fetal, C trait, and sickling (sickle-cell anemia, SCA; 
sickle-cell trait, SCT) hemoglobins in paper electrophoresis. Artificial mixtures of adult and 
fetal. Veronal buffer pH 8.6; 300 volts, 10 Ma., fifteen hours. DCW has 7.3 per cent fetai 
hemoglobin by alkali denaturation. 
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At the time this study was undertaken no reports of the incidence of 
hemoglobin C trait had appeared, but recently Smith and Conley,”° using the 
method of filter paper electrophoresis between glass plates (Slater and 
Kunkel’), have found an incidence of 2.2 per cent hemoglobin C trait in 500 
Negroes, while no cases of hemoglobin C trait could be found in 500 white 
individuals. Several instances of patients with erythrocytes containing C 
hemoglobin only (homozygous C) have recently been reported (Spaet, Alway, 
and Ward*?; Ranney, Larson, and MeCormack'?; Watson*‘). All of these 
cases exhibited a more or less compensated form of hemolytic anemia. In 
Ashby survival time experiments (Spaet, Alway, and Ward**), the erythro- 
cytes containing homozygous hemoglobin C had a shortened life span of about 
fifty-three days. 

The application of the method of filter paper electrophoresis to differen- 
tiate electrophoretically distinct types of hemoglobin (Spaet?!; Schneider’ ; 
Larson and Ranney’) has made possible large-scale electrophoretic analyses of 
hemoglobin samples. We have found that with this method, the following 
types of hemoglobin may be recognized: normal adult, fetal, sickling, and C. 
This is illustrated in Figs. 1 and 2. 

A study of the incidence of hemoglobin C trait was undertaken by 
analysis of hemoglobin samples of normal Negro and white blood bank 
donors.* These donors are drawn from an area of several hundred miles. 
Hemoglobin samples of all patients with sickle-cell disease seen in this 
hospital during this timet and, wherever possible, hemoglobin samples of the 
families of these patients were also analyzed. 


METHODS 


Blood samples were obtained from consecutive blood bank donors for the study of 
the incidence of hemoglobin C trait. After the transfusion bottles were filled, about 5 to 
10 ml. of blood from each donor were allowed to flow into sterile, evacuated, rubber-stoppered 
tubes containing 25 mg. of potassium oxalate. The blood from Negro donors was tested for 
the presence of sickling by the use of sodium metabisulfite (Daland and Castle). 

Preparation of Hemoglobin Samples—The plasma and leukocytes were drawn off 
from the oxalated blood and the red cells washed three or four times in 0.85 per cent NaCl. 
After the final washing, an equal volume of distilled water and 0.4 volume of toluene were 
added to the packed cells, which were then shaken for five minutes and allowed to remain 
in the refrigerator overnight. The tubes were centrifuged for one hour at 2° C. at about 
16,000 r.p.m., the clear hemoglobin solutions drawn off, and the concentrations determined 
in the Beckman DU Spectrophotometer. The concentrated hemoglobin solutions were usu- 
ally diluted to 3 to 5 per cent with buffer before use. 

Paper Electrophoresis ——The apparatus used (Fig. 3) is similar to that previously 
described (Schneider13), but has been enlarged so that several papers holding up to twelve 
samples each may be run simultaneously.} In practice, eight to ten samples were usually 
analyzed together with one normal and one sickle-cell anemia hemoglobin sample as con- 
trols. All but a few samples have been run two or more times. 


*We are indebted to Miss Jean Stubbins, technical director of the Blood Bank, John 
Sealy Hospital, and her staff, for cooperation in obtaining these samples. 
7Clinical studies were under the direction of Dr. Wm. C. Levin, Director, Hematology 
esearch Laboratory, University of Texas Medical Branch, Galveston, Texas. 

We are indebted to Mr. Jack Neal, Associate Professor of Industrial Hygiene, Depart- 
ment of Preventative Medicine and Public Health, University of Texas Medical Branch, Gal- 
veston, Texas, for valuable suggestions in the design of the apparatus. 
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The apparatus is made entirely of plexiglas and contains two chambers, 11 by 27.5 by 
8 em. high and 7.5 em. apart. Each chamber is divided in half lengthwise by a baffle, to 
form an electrode chamber and a paper chamber. The baffle is elevated slightly from the 
floor, permitting free current flow between electrode and paper chambers while minimizing 
convection currents and pH changes in the latter. Fitting into each end of the 7.5 em. 
space between the chambers is a Y-shaped piece of plexiglas, in the center of which is a 
vertical bar grooved to support the middle of the paper. The presence of several grooves 
at different levels makes it possible to use several papers simultaneously. The arms of the 
Y hold plexiglas rods over which the paper hangs with the ends suspended in buffer. These 
rods are elevated slightly above the level of the center of the paper. 


Fig. 3.—Paper electrophoresis apparatus. 


The electrodes consist of flat sheets of stainless steel 26 by 9 cm. A stainless steel 
stem in the center of each electrode passes through a hole in the cover of the apparatus, 
and wires connected by screw nuts to this stem lead to the power source. The latter is a 
variable voltage regulated power supply capable of delivering 460 volts; with this voltage 
and 10,000 ohms resistance, using filter paper of 25 em, width, fairly constant current 
readings of 13 Ma. are obtained. On one side of the tightly fitting cover is a hinged 
slit, through which pipettes may be passed so that evaporation is minimized during ap- 
plication of the hemoglobin drops. The cover becomes fogged during the course of a 
run; to improve visibility, a device similar to a windshield wiper is used, consisting of 
a rubber blade on the inside of the cover operated by a knob on the outside. 

The apparatus is set on the level floor of a refrigerator at 5 to 10° C. Four liters 
of Veronal buffer of 0.05 ionic strength, pH 8.6, are introduced and the levels equalized 
by rubber tubing connecting the electrode chambers. This tubing is closed by two screw 
clamps so that there is no liquid junction between the electrode chambers to produce 
lateral current flow and therefore lateral migration of the hemoglobin. By reversing the 
wires from the anode and cathode leads at the end of each run, the same buffer may be 
used repeatedly, although small changes in ionic strength occur with evaporation of the 
water. Some analyses have been made with Veronal buffer pH 8.4 to 8.9. 





— “7 INCIDENCE OF HEMOGLOBIN C TRAIT 137 
Number 


Munktell No. 20 paper is cut in 25 by 34 cm. sheets. In the center, lines or crosses 
2 em. apart mark the location of the hemoglobin drops. The middie of the paper is fitted 
at each end into the plexiglas grooves. Lines 6 cm. from the center over the width of the 
paper mark the location of the plexiglas rods so that the paper may be hung over these 
evenly. The electrodes and cover are put into place and a thirty- to sixty-minute period 
of equilibration is allowed to elapse, during which time the paper becomes wet. 

The hinged slit is now opened and 0.01 ml. of each hemoglobin sample is placed on 
the appropriate spot by means of pipettes introduced through the slit. The latter is then 
closed, current applied, and the doors of the refrigerator are closed on the wires leading to 
the power source. 

At the conclusion of the run (usually overnight), the filter paper is removed and 
immediately smoothed down on the floor of a hot chromatographic oven to dry. The 
papers are stained by immersion in 95 per cent ethanol containing 0.1 Gm. per cent Brom 
Phenol Blue and 10 Gm. per cent HgCl,. After about fifteen minutes in this stain, the 
papers are washed in running tap water until clear. More rapid migration without neces- 
sity of staining may be achieved by using 0.002 ml. of 10 to 15 per cent hemoglobin solu- 
tions. Recently, some experiments have been made with concentrated hemoglobin solu- 
tions between glass plates as described by Smith and Conley.20 This method has been 


found rapid and convenient. 


Tiselius Electrophoresis Determinations —The Perkin-Elmer portable electrophoresis 
apparatus is used at a temperature of 1 to 2° C. Some analyses have been made with 


carboxyhemoglobin in cacodylate buffer pH 6.5, 0.1 yw, with a field strength of 2.37 or 5.16 
volts per centimeter for six to eight hours, but other determinations have been made with 
oxyhemoglobin or carboxyhemoglobin in Veronal buffer pH 8.6, 0.1 uw, with a field strength 
of 11.37 volts per centimeter for two to three hours.* All hemoglobin samples were 
dialyzed overnight in the appropriate buffer; 0.5 to 1.5 per cent hemoglobin concentra- 
tions have been used. 

Comments on Electrophoretic Methods—In Veronal buffer, on the alkaline side of 
the isoelectric point, all types of hemoglobin migrate to the anode; the normal adult type 
has the greatest mobility (3.3 to 3.6 x 10-5 em.2 volts-1 sec.-1), followed by sickling hemo- 
globin (2.6 to 2.8 by 10-5 em2 volts-1 sec.-1), and hemoglobin C (2.1 to 2.4 x 10-5 em.2 
volts-1 sec.-1), respectively.t These are also the relative mobilities of these types of 
hemogiobin in filter paper electrophoresis in Veronal buffer pH 8 to 9.0. Fetal hemoglobin 
could not be differentiated either from sickling or from adult hemoglobin in free electro- 
phoresis in Veronal buffer pH 8.6, 0.1 yp. 

One hemoglobin sample from a subject with repeatedly negative sickling tests re- 
solved into two peaks in cacodylate buffer pH 6.5, similar to those found in sickle-cell 
trait. It was therefore thought to contain hemoglobin D (Itano3). In filter paper electro- 
phoresis, this hemoglobin sample at first seemed to resemble that of sickle-cell trait 
(Schneider13), Since this was the expected result, it was not questioned at that time. On 
subsequent analysis, however, its migration was similar to that of the normal. Several 
analyses of hemoglobin samples from this patient in free electrophoresis in different buf- 
fers have given conflicting results, so that the original findings are in question. Another 
hemoglobin sample from a donor whose erythrocytes did not sickle in paper electrophoresis re- 
sembled the normal, but repeatedly lagged slightly behind. This hemoglobin sample re- 
solved into two peaks of approximately equal area in free electrophoresis in cacodylate 
buffer pH 6.5. Additional blood from this donor was not available for further studies. At 
any rate, there appear to be hemoglobin samples which resolve into two peaks in free 
electrophoresis in cacodylate buffer and cannot be well differentiated from normal hemo- 
globin by the method of paper electrophoresis in Veronal buffer. 

*We are indebted to John A. Cudd of the Tissue Metabolism Research Laboratory for the 


Tiselius electrophoresis analyses and the mobility figures. 
7The mobility figures are for the descending patterns. 
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RESULTS 

Hemoglobin samples from 60 white and 521 Negro donors have been 

analyzed. No sickling hemoglobin or hemoglobin C was found in any of the 

white donors. Of the 521 Negroes, 16 had AC hemoglobin and 60 had AS 

hemoglobin. All of the latter had positive sickling tests; of the 16 subjects 

with hemoglobin C trait, 15 were males, but since about 90 per cent of the 
donors were males, this finding is of little significance. 
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Fig. 4.—Electrophoretic patterns of hemoglobin C trait donors. Longsworth scanning 
diagrams of descending limbs, in Veronal buffer pH 8.6, 0.1 wu. Paper electrophoresis in Veronal 
buffer pH 8.4, 300 volts, 10 Ma.—sixteen hours. 

Information about familial relationships was unavailable for most of the 
donors. Whenever several donors with the same family name and contribut- 
ing to the same recipient appeared, however, only the first member of the 
group was included in the calculations. This resulted in the exclusion of 12 
normal individuals, 3 with sickle-cell trait, and 1 with hemoglobin C trait, 
giving a final count of 505 donors of whom 57 had sickle-cell trait (11.35 per 
cent) and 15, hemoglobin C trait (3.0 per cent). With one exception, all the 
donors with hemoglobin C were widely separated in time or geographical 
location of their homes or both. The one exception consists of 2 donors with 





Volume 44 INCIDENCE OF HEMOGLOBIN C TRAIT 


Number | 





¥ 

% 

f 
at 

BS. 
ae 

F 

ka 





Fig. 5.—Electrophoretic patterns of hemoglobin of all members of Family H. Longs- 
worth scanning diagrams of descending boundaries of hemoglobin samples in Veronal buffer 
pH 8.6; 0.1 w and the corresponding paper electrophoresis patterns in Veronal buffer pH 8.9, 
460 volts, 13 Ma., after six hours. 
different family names, from the same city, whose blood was drawn on the 
same day for the same recipient. On questioning, no evidence of relationship 
between these two donors could be obtained. 

Hemoglobin of several donors with negative sickling tests repeatedly 
lagged behind the normal. The reason for this is not clear; the possibilities 
present themselves that these samples may contain amounts of sickling hemo- 
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globin insufficient to cause sickling (Singer and Fisher'’), or that they may 
contain types of hemoglobin that are not clearly detectable by present methods 
of filter paper electrophoresis. 

Tiselius electrophoresis analyses in Veronal buffer pH 8.6, 0.1 », were made 
on hemoglobin samples of 5 of the sixteen donors with hemoglobin C trait. 
The percentages (average of ascending and descending patterns) of hemo- 
globin C in these 5 samples were 35, 34, 33, 33, and 28 per cent, respectively. 
Paper electrophoresis patterns of hemoglobin samples of these donors and cor- 
responding Longsworth scanning diagrams of 4 of them are shown in Fig. 4. 
Two additional hemoglobin samples of hemoglobin C trait (in the family with 
homozygous C mentioned later) were subjected to free electrophoresis under the 
same conditions and were found to contain 34 and 38 per cent hemoglobin C, 
respectively. Similar figures for the percentage of hemoglobin C were ob- 
tained by Itano and Neel? in three cases of hemoglobin C trait. 

During the study of Negro patients with sickle-cell disease, there were 
5 whose hemoglobin consisted of a mixture of approximately equal amounts 
of sickle-cell hemoglobin and hemoglobin C. The clinical findings in these 
cases were consistent with those described by Kaplan, Zuelzer, and Neel® for 
sickle-cell-hemoglobin C disease. In free electrophoresis, hemoglobin of one 
of these patients resolved into two peaks of 46 per cent S and 54 per cent C, 
respectively. Both parents of another such patient were available for study. 
In paper electrophoresis, the father’s hemoglobin resolved into A and S types 
while the mother’s was entirely C. The latter finding was confirmed by free 
electrophoresis, both in cacodylate buffer pH 6.5 and Veronal buffer pH 8.6. 
Hematologically, the father had an uncomplicated sickle-cell trait; but the 
mother had a moderate normochromie anemia with 3,070,000 red blood eells 
and hemoglobin of 9.8 Gm. per cent. Negative sickling, a moderate number 
of target cells, and marked erythroid stimulation of the bone marrow were 
also noted. Alkali denaturation values for fetal hemoglobin (Singer, Chern- 
off, and Singer?®) were within normal limits (0.8 per cent), as were those for 
the hemoglobin of the son with sickle-cell-hemoglobin C disease (0.9 per cent). 
The survival time of the mother’s erythrocytes as determined by the Ashby 
technique was markedly reduced (about thirty days). 

Hemoglobin samples of the father and the three children of this union 
were also analyzed both in paper and free electrophoresis in Veronal buffer. 
The hemoglobin of the son who initiated the study was found to be a mixture 
of S and C, while that of the two other children was C and A. Electrophoretic 
patterns of hemoglobin samples of all the members of this family is shown in 





PERCENTAGE OF HEMOGLOBIN TYPES IN EACH MEMBER OF FAMILY H* 





TABLE I. 











SUBJECT | RELATIONSHIP | AHEMOGLOBIN | S HEMOGLOBIN | CG HEMOGLOBIN 
Al H Father 70.5 29.6 2 ae 
An H Mother = ead gaat ts 100.0 
RH Son pee 62.6 37.4 
N H Daughter 62.6 i sale 5 31.0 
DH Son 65.9 Lp 34.2 





*Averages of ascending and descending patterns in free electrophoresis in Veronal buffer 
pH 8.6, 0.1 yu. 
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Fig. 5. An account of the clinical and hematologic findings in this family has 
been reported (Levin, Schneider, Cudd, and Johnson*) and will be published 
in detail elsewhere. 

The percentile distribution of the types of hemoglobin is summarized in 
Table I. The most noteworthy feature of this table is that although the father 
has only 30 per cent S hemoglobin, with 70 per cent A, the one child with 
sickling erythrocytes has about 60 per cent S and 40 per cent C. 


DISCUSSION 

The ease and economy of the method of filter paper electrophoresis make 
it readily applicable to analysis of large numbers of hemoglobin samples. 
A typical analysis is shown in Fig. 6. The most serious limitation of the 
method at present is the inability to obtain satisfactory results in acid 
buffers: there is indication that some types of hemoglobin may resolve 
differently in cacodylate and Veronal buffers, but filter paper electrophoresis 
with cacodylate and other acid buffers has been unsatisfactory. 


* 


TID JES AEF if ME TWB iD WA cS oe 


SCA: N Hb.C 
N N N Control Control SCT Trait. N N N 


Fig. 6.—Typical paper electrophoresis analysis of hemoglobin samples. Veronal buffer 8.6; 
six and one-half hours, 300 volts, 10 to 20 Ma. 

An attempt is being made to study the families of the hemoglobin C 
trait donors in order to obtain genetic data and, if possible, to find other cases 
of homozygous hemoglobin C.* To date, hemoglobin samples of both parents 
of one such donor have been examined and found to consist of normal adult 
hemoglobin (A) and hemoglobin C trait (AC), respectively. Hemoglobin 
samples of one parent of each of two other donors have also been found to 
consist of A and AC, respectively. In our family with homozygous C and 
sickle-cell trait (AS) union, two children had hemoglobin C trait (AC) and one, 
sickle-cell-hemoglobin C disease (SC). These results conform to expected 
Mendelian findings if the gene for hemoglobin C is a Mendelian dominant 
over the gene for normal hemoglobin and is unrelated to the gene for S hemo- 
globin. 


' *We are indebted to Miss Maureen Currin and the staff of the Texas State Department of 
Health for cooperation in obtaining these samples. 
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The method of quantitative inheritance of these types of hemoglobin is at 
present imperfectly understood. Our findings in seven individuals with 
hemoglobin C trait as well as those of Itano and Neel? in three such individuals 
indicate that these have a fairly constant amount of approximately 30 to 40 
per cent hemoglobin C. In sickle-cell-hemoglobin C disease, the amount of C 
hemoglobin is about 40 to 50 per cent, both in our two eases and in those of 
Itano and Neel.* In the family in which the father has sickle-cell trait and 
the mother homozygous C, the father has about 30 per cent sickling hemo- 
globin combined with about 70 per cent normal; whereas the one son with 
sickling hemglobin has about 60 per cent of this type and about 40 per cent C, 
indicating that there may be a greater quantitative expression of the gene for 
S hemoglobin when associated with C than with A genes. 

Another unsolved problem in this connection is the pathogenetic mecha- 
nism by which the presence of electrophoretically abnormal types of hemo- 
globin makes the cells susceptible to hemolysis. Our case of homozygous C, 
as well as those reported by others (Spaet, Alway, and Ward**?; Ranney, 
Larson, and MeCormack’*; and Watson**), give clear evidence of hemolytic 
disease. The presence of such hemolytic disease and a shortened erythrocyte 
survival time in the absence of the morphologic anomaly of sickling indicate 
the need for re-examination of the commonly held hypothesis that, in sickle- 
eell anemia, it is the piling up of rigid, sickled cells in the small capillaries 
that initiates the hemolytic process. The possibility that erythrocytes con- 
taining types of hemoglobin different from the normal have a corresponding 
alteration of the stroma has never been ruled out. The finding that sickle-cell 
anemia erythrocytes have a peculiar immunologic specificity would point in 
this direction (Schneider and Levin'®). Although in subsequent experiments 
(Schneider™) antibody of the same stability and high specificity has not been 
produced, we have repeatedly found that, under proper conditions, sickle-cell 
anemia erythrocytes (and some sickle-cell trait erythrocytes) are capable of 
producing rabbit antiserum which agglutinates many sickle-cell anemia 
erythrocytes, but not those of normal individuals nor of most subjects with 
sickle-cell trait. 

The interesting finding of Ikin, Lehmann, and Mourant? that erythrocytes 
containing fetal hemoglobin possess a different immunologic specificity from 


that of normal adult erythrocytes again focuses attention on the question of 


the relationship of hemoglobin and erythrocyte stroma. In a recent dis- 
cussion of this question, Ponder," citing entirely different types of evidence, 
states: ‘‘The inference that the Hb. exists in the form of a complex with the 
lipoproteins of the cell surface is almost ineseapable.’’ At present experi- 
ments are still in progress to determine the precise condition under which 
specific antiserum against sickle-cell anemia erythrocytes may best be pro- 
duced and to ascertain whether rabbit antiserum against erythrocytes con- 
taining homozygous hemoglobin C ean also be formed. 
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SUMMARY AND CONCLUSIONS 


The incidence of hemoglobin C trait among 505 Negro blood bank donors, 


as determined by the method of filter paper electrophoresis of the hemoglobin, 
was 3.0 per cent. The incidence of sickle-cell trait among these was 11.5 per 
cent. 

Hemoglobin samples of seven individuals with hemoglobin C trait have 
been analyzed by free electrophoresis. The amount of hemoglobin C in these 
ranged from 28 to 38 per cent. Hemoglobin of two patients with sickle-cell- 
hemoglobin C disease have also been analyzed in free electrophoresis. In 
these, the amount of hemoglobin C was 37 and 55 per cent, respectively. 

Electrophoretic data are presented on hemoglobin samples of one family 
with homozygous hemoglobin C and sickle-cell trait union. One of the chil- 
dren of this union has sickle-cell-hemoglobin C disease and the other two have 
hemoglobin C trait. 

The question of the relationship of hemoglobin to the erythrocyte stroma 
is discussed. 


We are indebted to Mrs. Leedia Greve Hanrahan of the Tissue Metabolism Research 
Laboratory, University of Texas Medical Branch, Galveston, Texas, for the area calcula- 
tions of the Tiselius patterns and valuable assistance in preparation of the manuscript, 
and to Mrs. Mary Lou Fraser for technical assistance. 
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LABORATORY METHODS 


THE CHEEK POUCH OF THE CHINESE HAMSTER (Cricetulus griseus) 
FOR CINEPHOTOMICROSCOPY OF BLOOD CIRCULATION 
AND TUMOR GROWTH 


GrorGE P. Futton, PH.D., BRENTON R. Lutz, PH.D., DonaLp I. Part, Px.D., 
AND GEORGE YERGANIAN, PH.D.* 
Boston, Mass. 


WITH THE TECHNICAL ASSISTANCE OF KENNETH A. ARENDT, A.M, 
Roma KaGan, A.B., AND FREDERICK W. Maynarp, A.B. 


HE Chinese hamster, Cricetulus griseus,t has been inbred by Yerganian’ for 

use in cytogenetic and tumor induction studies. In this species, the diploid 
chromosome number of 22,7 * which is the lowest yet to be observed among the 
placental mammals, facilitates critical observation of mitosis and reduction divi- 
sion for the detection of aberrations arising from irradiation. The screening 
of induced tumors for possible chromosomal alterations, like those reported re- 
cently for rat ascites tumor cells,‘ is simplified in the Chinese hamster since 
each pair of chromosomes is morphologically different. 

We have recently found that the cheek pouch of the Chinese hamster, like 
that of the golden species, Mesocricetus auratus,» may be everted and trans- 
illumined for visualization of living small blood vessels and for high-power 
motion picture photography. The purpose of this report is to direct attention 
to the usefulness of this new membrane preparation for peripheral vascular 
investigations and tumor growth studies. 


METHODS 


The cheek pouches are paired blind sacs lined with stratified squamous epithelium 
and located in the buccal wall, extending from the corner of the mouth posteriorly to the 
shoulder region. The experimental procedures involved in the preparation of the cheek 
pouch are similar to those described previously for the golden hamster.5 The Chinese 
hamster is anesthetized by intraperitoneal injection of 1.0 mg. Nembutal per 12 grams of 
body weight. The anesthetized hamster is placed on a warm plastic operating dish con- 
taining a transilluminating block and adjacent pinning material (rubber or cork) mounted 
in a shallow moat, which may be kept filled with mammalian Ringer’s solution at 37° C. 
Either pouch is everted by gentle traction with forceps, extended into the bath, spread over 
the transilluminating block, and pinned with ‘‘bank’’ pins to the adjacent rubber, form- 
ing a flat double-layered membrane: (Fig. 1). The operating dish is transferred to an 


From the Department of Biology, Boston University, Boston, Mass. 
ss ‘ne investigation was supported by a contract with the Atomic Energy Commission, No. 
(30-1) -897. 
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electrically heated stage of a microscope equipped with a light-splitting prism, mounted 
between the objective and body tube, designed for simultaneous viewing and motion 
picture recording. As in the case of the golden hamster, microelectrodes and micropipettes 
may be applied by means of a micromanipulator, to the blood vessels in the rich vascular 
pattern of the cheek pouch. Kodachrome film, a 100 Watt zirconium lamp, and a ‘‘Cine- 
kodak Special’’ motion picture camera mounted on an optical bench are used for 


cinephotomicroscopy. 

After use, the unimpaired cheek pouch may be replaced. Repeated and periodic ex- 
aminations of the same pouches are possible for long term chronic experimentation. Spe- 
cific microscopic fields and particular blood vessels may be marked for reidentification 
by placement of a small, inert glass bead in the subepithelial connective tissue. 


Fig. 1.—Everted cheek pouch of Chinese hamster, Cricetulus griseus, spread for trans- 
illumination of vascular pattern. 

Fig. 2.—Cheek pouch venules showing circulating erythrocytes. (Magnification x<900; 
reduced 24.) . 

Fig. 3.—Section of everted cheek pouch of Chinese hamster. Thickness approximately 
0.070 mm. (Magnification 200; reduced 37.) a 

Fig. 4.—Section of everted cheek pouch of golden hamster, Mesocricetus auratus. Thick- 
ness approximately 0.500 mm. A large amount of loose connective tissue as compared with 
the Chinese hamster (Fig. 3). (Magnification 200; reduced 37.) 


For the purpose of transplanting tumors, the cheek pouch is everted and spread over 
a transilluminating block in the same manner as for circulatory studies. A small trocar 
may be used for implantation. The tip of the trocar is inserted through the upper layer 


of the double membrane and directed for advantageous positioning of the small tumor frag 
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ment with respect to blood vessels. Finally, the pouch is unpinned and tucked back into 
the mouth cavity. The progress of the transplant may be followed with daily measure- 
ments if desired. 

EXPERIMENTAL FINDINGS 


The important assets of the Chinese hamster cheek pouch for vascular in- 
vestigations are the thinness of the preparation, high degree of light trans- 
mission, and elarity of visualization. The rich vaseular pattern is apparent 
in the everted pouch, spread as a membrane (Fig. 1). The comparative his- 
tology of the everted cheek pouches of the two species is shown in Figs. 3 and 4. 
High quality photography (Fig. 2) is possible through the double-layered mem- 
brane without the necessity of making a single-layered flap and removing the 
connective tissue, a procedure used to improve the quality of high power micros- 
copy and especially photography in the golden hamster. The Chinese hamster 
has obvious advantages for investigation of the vascularity of tumor transplants 
because the growth of new blood vessels is easy to study in the thin pouch. 

The cheek pouch of the Chinese hamster, like that of the golden hamster, 
also serves as a site for transplanting homologous and heterologous tumors. 
Yerganian has induced more than thirty methyleholanthrene fibrosarcomas in 
the Chinese hamster. Several have grown to a diameter of one-half inch within 
thirty days when transplanted into the cheek pouch. On the other hand, both 
spontaneous and methyleholanthrene-induced tumors (homologous) have been 
transplanted routinely into the cheek pouches of every ‘‘strain’’ of golden ham- 
ster with resultant growth.® 


67 


Possible disadvantages of the Chinese hamster are the delicacy of the pouch 
as compared with that of the golden hamster, and also the smaller size. Further- 
more, the adult Chinese hamster weighs only approximately 35 grams as com- 
pared with 100 to 120 grams for the golden hamster. As with all small mam- 
mals, this imposes some problems in obtaining adequate blood samples and 
necessitates the use of micromethods. Because of the small body size, the depth 
of anesthesia must be carefully controlled. 

DISCUSSION 

The hamster cheek pouch has become an important addition to the list 
of useful living transparent membranes, which include tadpole tail, rabbit ear 
chamber, mouse skin chamber, wing membrane of bat, mesenteric spreads, and 
quartz rod transilluminated preparations. In the golden hamster, cinephoto- 
micrographie investigations have been completed in our laboratory on white 
thromboembolism,* vascular fragility and anticoagulants,’ irradiation effects 
on blood vessels and tissue mast cells, growth of transplanted malignant neo- 
plasias, both homologous® and heterologous including human,’ vascularization 
of tumor transplants, effects of Trichinella spiralis,’° adrenal insufficiency and 
experimental hypercorticalism,'' petechial formation, and effect of cortisone on 
healing of burns. 

The value of the cheek pouch as a ‘‘living laboratory’’ should be enhanced 
by the use of the thin pouch in the Chinese hamster as a supplement to exten- 
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sive exploratory work with that of the golden species, especially in cases where 
high-power motion picture recording is required. 






SUMMARY 











The cheek pouch of the Chinese hamster, Cricetulus griseus, is described 
as a new living membrane preparation and compared with that of the golden 
hamster, Mesocricetus auratus, for use in cinephotomicroscopic investigations 
of the peripheral vascular system and for the study of tumor growth. 
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AN IMPROVED METHOD FOR MULTIPLE RAPID DETERMINATIONS 
OF ARTERIAL BLOOD pH 


Duncan A. Houapay, M.D. 
New York, N. Y. 


APID fluctuations in the pH of arterial blood occur in response to altera- 

tions of effective pulmonary ventilation and attendant changes of CO, 
tension. * In the course of a study of ventilation during anesthesia it be- 
came necessary to have means for monitoring the pH of blood frequently and 
conveniently. For this purpose it seemed desirable to have an instrument 
which would permit direct transfer of blood from the patient into a glass 
electrode, allow for determination of pH at body temperature, and be suitable 
for use in the presence of explosive gas mixtures in the operating room. No 
such apparatus is now commercially available. An instrument which meets 
these requirements and enables measurements to be made at two-minute 
intervals with an accuracy of 0.02 pH or better has been devised. 


MATERIALS AND METHODS 


Principles of Operation—The apparatus consists of an electrostatically shielded air 
bath enclosing a condenser-type glass electrode (Figs. 1 and 2), which is connected by 
long, suitably shielded leads to a sensitive, null-point indicating potentiometer.* The 
air bath and electrode assembly are designed for safe use in the presence of explosive gas 
mixtures and may be placed beside the patient in the operating room. Small bore tubing 
conducts blood directly from an arterial cannula to the glass electrode. The potentiometer 
which contains a relatively high voltage electronic circuit is operated in an adjacent 
room or corridor outside the area where explosive anesthetic agents are used. 

Shielding requirements are met by enclosing the electrode system entirely with 
copper screening, by using a doubly shielded coaxial cable for connection of the silver- 
silver chloride reference cell to the potentiometer, and by eliminating grounded circuit 
loops which could include the column of liquid contained in the glass electrode. 

Since both the*asymmetry potentials’ of the several elements of the electrode system 
and the hydrogen ion concentration of blood* are altered by change of temperature, it 
proved necessary to maintain not only the air bath but also all liquids going through the 
electrode system at 37° C. + 0.5°. 

In compliance with the recommendations of the National Fire Protection Associa- 
tion,5 heating elements are energized from a low-voltage isolation transformer, locking 
connectors are used throughout, and no open switches are employed. To provide for even 
heating of the air bath, a length and gauge of resistance wire were chosen, such that the 
current from a six-volt source generates heat at approximately one and one-half times the 
rate at which the air bath dissipates heat in a room at 22° C. At the same time, the 
temperature of the resistance wire is never elevated above 70° C. The latter condition 


This work was supported by grants from the National Tuberculosis Association and The 
Squibb Institute for Medical Research. 
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was imposed since no effort was made to make the air bath gas tight, and since 180° C. 
is the lowest temperature at which any mixture of anesthetic agent and oxygen will 
ignite spontaneously.6 Final temperature regulation is obtained by means of a thermostat 
placed close to the heat source, 

Preheating of all liquids entering the glass electrode is obtained in the following 
manner, A reservoir for a standard buffer solution is situated inside the air bath. Since 
6 ml. of water are used for rinsing the glass electrode between determinations it was found 
expedient to heat it as it is consumed. Accordingly, before entering the air bath the 
water passes through a heating coil which has a volume capacity of 18 ml. and a heat 
output adequate to raise the temperature of 3 ml. of water 15° C. in one minute, but which 
cannot raise the temperature of the water above 37°. The small volume of blood with- 
drawn from the subject for each determination does not require temperature adjustment 
since the net loss of temperature at the electrode is less than 0.5° C. 
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P Fig. 1.—Shielded air bath containing modified electrode assembly. Left, front view show- 
ing position of glass electrode and external controls. Right, back view showing connections: 
A, to transformer; B, to potentiometer; C, to drterial cannula. 


Construction—The capitals in the following paragraphs refer to Fig. 2. The inner 
dimensions of the air bath are 4%4 inches by 5% inches by 91% inches. Two sides are 
made of % inch Lucite, two sides are 4 inch transite, and the top and bottom are % inch 
Lucite. The walls are supported by a framework of 14 by % inch angle brass set upon 
a base of 14 inch sheet brass. Stretched around the upright members of the frame, and 
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: separated from the outer walls by a 1% inch air-space, is a continuous sheet of 16 mesh 
copper screening. Copper screening is fastened to the undersurface of the top of the box 
and makes firm contact with the brass frame when the top is bolted in place. 

Studs screwed into the surface of each transite side support 4.75 feet (2.8 ohms) of 
No. 20 B & S gauge nichrome wire (A). A sheet of asbestos paper (B) insulates each 
heating element from the copper shielding. A sensitive bimetallic thermostat (C) projects 
into the box through one side and controls the current to the two heating elements which 
are connected in parallel. 
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Exploded rectilinear diagram 









S, thermometer ; 
ing; X, valve; Y, 5 ml. syringe. 
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of air bath. 





A, Warming elements; 
é C, bimetallic thermostat; D, glass electrode and incorporated silver-silver chloride cell; 
E, calomel cell; #, KCl reservoir; G, 6-way stopcock; H, extra arm added to forward section 
of stopcock; J, 6-way stopcock adaptor; J, 





B, asbestos 


inlet tube of 6-way stopcock; K, thermometer ; 


1, SK-5697, and 13434. 


The electrode assembly* is available commercially except for the glass stopcock, 
which has been modified to permit the salt bridge to be prepared without requiring move- 


., support rod for electrode assembly and 4-way stopcock; M, 4-way stopcock; N, 4-way stop- 
cock adaptor; O, connecting tubing; P, buffer reservoir; Q, water warming coil; R, thermostat ; 
T1, T2, plastic tubing; U, 3-way stopcock; V, 20 ml. syringe; W, plastic tub- 
Refer to text for details of construction. 
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ment of liquid toward the subject. The forward section of the stopcock is provided with 
four arms (see Fig. 3), through one of which (H), KCl drains by gravity. The stopcock 
is turned by means of a plastic adaptor (I), which projects through one side of the box. 
All liquids enter the glass electrode through one arm (J) of the six-way stopcock. The 
electrode assembly is supported by a %4 inch rod of Lucite (L) which rests in a bracket 
fastened to the brass frame. 

The Lucite rod also supports a four-way stopcock (M) near the inlet of the electrode 
assembly. The four-way stopcock is turned by means of a 4 inch nylon rod adaptor (N) 
which projects through the top of the box. Polyethylene tubing (O) 3 inches long and 
0.062 inch I. D. connects one arm of the four-way stopeock (M) to the inlet (J) of the 
glass electrode assembly. To reduce dead space, the tubing has been threaded through 
the inlet tube up to the stopcock and is cemented in place with a low melting point sealing 
wax. To the other three arms of the four-way stopcock, standard buffer, water, and blood 
are delivered via plastic tubing. 

A fifty-milliliter bottle (P) containing the buffer is supported by light spring steel 
beneath the top of the box. The bottle can be filled through a perforation in the top of 
the box. 
































I U 


Fig. 3.—Positions of 6-way stopcock adaptor. JI, first position connecting lumen of glass 
electrode to inlet tube; JI, second position connecting inlet tube to lower outlet tube (H); 
III, third position connecting KCl reservoir and KCl bridge to lower outlet tube; IV, fourth 
position connecting glass electrode to caiomel cell. 





Distilled water from an external reservoir is conducted to the four-way stopcock by 
plastic tubing after passing through a warming coil (Q). The warming coil is enclosed 
in a plastic shell attached to one side of the air bath. It consists of a 9 foot length of 
cotton-wrapped copper tubing (0.125 inch I. D.) around which is coiled 20 feet (12 ohms) 
of No. 20 B & S gauge nichrome wire. The terminal 12 inches of copper tubing is 
stripped of insulation and is wrapped tightly around a bimetallic thermostat (R). The 
latter controls the current to the heating element. Current is drawn from the transformer 
which supplies the heating elements of the air bath. Interposed in the tubing between 
the warming coil and the four-way stopcock is a glass T-tube, one limb of which admits 
the bulb of a thermometer (S). The thermometer registers the temperature of the water 
entering the glass electrode. 
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Flexible plastic tubing (T, and T,) 0.045 inch I.D., conducts blood from an intra- 
arterial needle through a perforation in one side of the box to the third inlet of the 
four-way stopcock. Interposed between T, and T, is a three-way stopcock (U) connected 
to a 20 ml. syringe (V). The syringe is clamped to the top of the box. 

The upper opening of the glass electrode is connected by % inch I. D. flexible 
plastic tubing (W) to a one-way valve system (X). The latter is attached to a 5 ml. 
syringe (Y), which is clamped to the top of the box. The valve (X) permits flow from 
the glass electrode into the syringe and from the syringe through another piece of tubing 
into a waste flask suspended beneath the box. Thus fluid which has been selected by 
manipulation of the four-way stopcock is drawn into the electrode by the syringe (Y). 

A doubly shielded lead connects the silver-silver chloride electrode to the potentio- 
meter, The lead consists of twenty-five feet of low capacitance coaxial cable,* which has 
been covered by flexible copper webbing and wrapped with plastic insulation tape. The 
calomel cell is connected to the second input terminal of the potentiometer by an un- 
shielded, insulated wire. The copper shielding of the box is connected to the inner 
shielding of the coaxial cable. Both cable shieldings and the case of the potentiometer 
are connected at a point near the potentiometer, from which point connection may be made 
to a water pipe or other suitable ground. 


Operation.—To attain maximum stability, the electrode system must be protected 
from temperature fluctuations. The air bath is allowed to equilibrate at 37° C. for 
several hours before use. The thermometers (K & S) are read periodically and the 
thermostats (C & R) are readjusted as indicated to maintain temperatures at 37° C. + 
OID". 

Asepsis of the blood inlet line (T, and T,) up to the four-way stopcock (M) is 
maintained. The portion of this system within the box (T,) is filled with 1:1,000 aqueous 
Zephiran Chloride solution when not in use. The three-way stopcock (U), syringe (V), 
and arterial needle are autoclaved before use. A supply of connecting catheters (T,) are 
stored in Zephiran Chloride solution and rinsed with sterile saline solution before use. 
The syringe (V) is filled with sterile 0.9 per cent saline solution containing 0.1 mg. 
heparin per milliliter. This serves to rinse the tubing (T, and T.) and prevent clot forma- 
tion in the needle. 

The six-way stopcock adaptor (I) is turned to the first position (see Fig. 3). The 
4-way stopcock adaptor (N) is turned to admit buffer to the electrode. The glass electrode 
is filled with a standardized phosphate buffer by withdrawing the plunger of the 5 ml. 
syringe (Y). 

To complete the salt bridge to the calomel cell, the six-way stopcock is turned to the 
third position momentarily (see Fig. 3) so that just the lumen of the stopeock plug is 
filled with saturated KCl solution. The six-way stopcock is turned to the fourth position. 
The potentiometer may then be read and adjusted to conform to the pH of the buffer. 
To prepare for the next measurement, the six-way stopcock is turned to the first position, 
the four-way stopcock is turned to admit distilled water, and the glass electrode is rinsed 
six times with 1 ml. portions of water. During each rinse, the tubing (W) may be 
compressed once or twice to produce more efficient washing of the glass electrode. 


To introduce blood into the glass electrode, the four-way stopcock is opened to the 
blood line (T,), the three-way stopcock (U) is turned to connect T, and T., and gentle 
suction is produced with the 5 ml. syringe (Y). Withdrawal of 1.5 to 2 ml. of blood from 
the subject is sufficient to fill the glass electrode with undiluted blood. The three-way 
stopcock (U) is then turned to connect the syringe (V) to the patient, and the tubing T, 
and needle are flushed with the saline and heparin solution. The three-way stopcock is 
turned to connect the syringe (V) to the tubing T, and the latter is partially filled with 
Saline solution. The procedure hereafter is identical to that given in the preceding para- 
graph. 





*Belden No. 8410. 
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An obstruction to the free flow of blood from the subject to the glass electrode is 
revealed by prompt collapse of the tubing (W) when traction is applied to the syringe 
(Y). The obstruction is usually in the needle itself and may be corrected by the insertion 


of a blunt stilet. 


pH 
7.00 


| 
- 


od 
i penn we gl 


\ A 
L 


ea 


T 


6.95 








7.05 


7.00F 


6.95 





q 


7.00 


6.95 i 








! 
0 10 20 30 40 


TIME IN MINUTES 6/10/52 


Fig. 4.—Serial pH determinations on phosphate buffer. Each solid circle represents an 
independent reading of the potentiometer; each short line joins those readings obtained on a 
single sample of buffer. Buffer was drawn from a warmed reservoir. The glass electrode 
was rinsed with six one-milliliter portions of water between each determination. A, The 
electrode was rinsed with water preheated to 37° C. Readings were taken on the fifth sample 
with the 6-way stopcock in the first position (KCl bridge not completed). B, Between the 
two arrows the electrode was rinsed with water at 27° C. OC, After the arrow the electrode 
was rinsed with water at 26.8° C. , 





RESULTS 

The stability of the electrode system and potentiometer was tested by 
making serial determinations on phosphate buffer drawn from the reservoir 
(P) within the air bath. During the course of a one-hour experiment (see 
Table I), the observed pH varied over a range of 0.007 pH. The standard 
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deviation from the mean was 0.002 pH. The average difference between suc- 
cessive readings was 0.0016 pH. The latter figure probably represents the 
average error incurred in reading the null point indicator of the potentiometer. 

Fig. 4,4 illustrates a similar experiment during which more frequent 
determinations were made. A gradual drift of 0.025 pH occurred. Again, 
however, the reading error, based on the difference between successive read- 
ings on individual samples, was negligible. It was commonly observed, as in 
this case, that the initial determinations of a series tend to be more variable 
than later determinations. 


TABLE I. DETERMINATIONS OF PHOSPHATE BUFFER DRAWN FROM THE RESERVOIR AT INTERVALS 
OF FIVE MINUTES. THE ELECTRODE WAS Not RINSED BETWEEN SAMPLES 

















DIFFERENCE FROM DIFFERENCE BETWEEN 
READINGS MEAN CONSECUTIVE READINGS 
6.991 +0.001 
6.992 +0.002 0.001 
6.992 +0.002 0.000 
6.990 0.000 0.002 
6.990 0.000 0.000 
6.992 +0.002 0.002 
6.991 +0.001 0.001 
6.987 -0.003 0.004 
6.988 -~0.002 0.001 
6.989 —0.001 0.001 
6.990 0.000 0.001 
6.989 -0.001 0.001 
6.994 +0.004 0.005 
Av. 6.990 S.D.. = +£0,002 Av. 0.0016 
es Fs 
n-! 


To test the effect of temperature gradients across the glass membrane 
upon stability, the electrode was rinsed with water of various temperatures 
between serial determinations of phosphate buffer. Figs. 4,B and 4,C illus- 
trate two experiments in which water at room temperature was substituted 
for the 37° C. wash. The invariable result of cooling the glass electrode in 
this manner was an initial fall in the readings of 0.02-0.04 pH, followed by a 
rise beyond the original setting. Drifts exceeding 0.1 pH were observed. As 
is illustrated by Fig. 4,B, equilibration does not immediately follow resubstitu- 
tion of water at 37° C. for rinsing. 

The stability of response of the electrode system to blood was tested by 
performing alternate determinations on blood and on a phosphate buffer. 
Table II contains the crude data of one such experiment. Approximately 20 
ml. of venous blood were drawn into an airtight syringe containing heparin 
and placed in a 37° C. water bath. Samples were withdrawn from the syringe 
into the glass electrode through small bore plastic tubing by the usual 
method. Each pH listed is the average of three readings obtained thirty 
seconds or more after withdrawal of the sample. The response to blood 
exhibited somewhat more variability than the response to buffer. Table III 
Summarizes four of such experiments involving thirty-three determinations. 
The standard deviation of individual determinations about the corrected mean 
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TABLE II. 


ALTERNATE DETERMINATIONS ON PHOSPHATE BUFFER AND FRESHLY DRAWN, 
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TIME BUFFER DEVIATION BLOOD CORRECTED CORRECTED pH PAIRS FROM 

( MIN.) pH FROM MEAN | pH | BLOOD pH FROM MEAN MEAN 
3 6.946 0.004 
11 7.286 7.299 +0.023 
14 6.938 0.004 4 
15 7.261 7.276 0.000 +0.012 
17 6.941 0.001 
23 7.266 7.281 +0.005 +0.002 
25 6.938 0.004 
27 1.252 7.268 -0.008 -0.002 
30 6.939 0.003 
32 7.259 7.274 -0.002 -—0.005 
35 6.940 0.002 
37 7.259 7.269 -0.007 -0.004 
40 6.950 0.008 
42 7.260 7.267 -0.009 -0.008 
44 6.947 0.005 

Means 6.942 0.0039 7.263 7.276 — 6), 20011 — B.b.. 20,007 











Time is given in minutes from the moment the blood was collected in an airtight syringe 
and placed in a 37° C. water bath. The corrected blood readings were obtained by adding to 
the blood reading the difference between the average of the immediately preceding and succeed- 
ing buffer readings and 6.955 (the estimated true pH of the buffer at 37° C.). 






pH was 0.018 pH; the standard deviation of the average of consecutive pairs 
In three of the four experiments, there were 






of determinations was 0.012 pH. 
one or two readings which varied more than .02 pH from the mean of the 
series. Deletion of the aberrant readings would contract considerably the 
previously mentioned confidence limits. 

Variations in the readings of the order noted in the preceding paragraph 
occur most frequently during the first twenty minutes of operation. Bates 
and associates’ have discussed several pertinent causative factors, among which 
is failure of the test solution to attain equilibrium in the double layer at the 
surface of the glass membrane after the electrode has been exposed to a 
buffer of different composition. Blood should remain in contact with the 
glass electrode for at least thirty seconds before the potentiometer is read. 
Measurements obtained within the first thirty seconds are frequently several 
hundredths of a pH unit lower than those obtained after the readings stabilize. 














VARIATION AMONG pH DETERMINATIONS OF FRESHLY DRAWN WHOLE VENOUS 
BLoop 


TABLE III. 



























































| MEAN | AVERAGE OF CONSECUTIVE 
CORRECTED INDIVIDUAL DETERMINATIONS | PAIRS 
EXP. N pH S.D. | RANGE | S.D. | RANGE 
1 7 7.276 0.011 +0.023 to -0.009 0.007 +0.012 to -0.008 
2 10 7.252 0.030 +0.027 to -0.065 0.020 +0.025 to -0.036 
3 7 1.212 0.012 +0.012 to -0.025 0.006 +0.004 to -0.012 
4 9 7.254 0.004 +0.005 to -0.007 0.003 +0.005 to -0.002 
Combined: 
33 0.018* 0.012* 




















*Combined 
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See Table II and text for sample experiment. 
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Conversely, duplicate readings obtained as soon as possible after introduction 
of a phosphate or phthalate buffer into the electrode agree usually within the 
expected reading error. 

The glass electrode becomes insensitive and unstable when allowed to 
remain dry for an extended period of time or when coated with a film of 
protein, grease, or silicone. The electrode should be kept clean with a neutral 
detergent such as Dreft or Tide, and should be filled with water when not in 
use. 

The salt bridge of saturated KCl should be kept uncontaminated. A film 
of clotted fibrin across the salt bridge or a layer of blood protein at the surface 
of the calomel will cause instability. Air bubbles in contact with the glass 
membrane or in the salt bridge invariably produce gross errors. 


DISCUSSION 


Currently practiced methods* ® for determination of hydrogen ion con- 
centration of blood do not lend themselves easily to the task of following 
rapid changes over extended periods of time. Oil sealed syringes or tubes, 
containing anticoagulant and enzyme inhibitors, must be prepared in sufficient 
number beforehand. Because of the high diffusibility of carbon dioxide, care 
must be taken to insure anaerobie transfer of blood from patient to measuring 


apparatus. 
The accuracy with which the pH of blood plasma may be determined is 


affected by temperature and enzymatic oxidation. Since blood continues to 
produce lactic acid and carbon dioxide after removal from the body, the pH 
will diminish appreciably with time unless the blood is chilled to 4° C. 
immediately upon withdrawal,’® or unless an enzyme inhibitor such as sodium 
fluoride is added.1! Errors due to oxidation are avoided most easily by 
analysis immediately after withdrawal. 

The pH of blood changes linearly with changes of temperature between 
4° and 40° C.% 1°12 However, blood of different individuals differs in the 
magnitude of the change of pH with unit change of temperature. Graig and 
associates? have found a variation from +0.0103 to +0.0193 pH per degree 
Centigrade decrease in temperature in duplicate determinations of blood from 
twenty-seven individuals. Routine use of the mean coefficient as determined 
by them, 0.0149 pH per degree, for measurements at room temperature may 
result in errors as great as 0.08 pH. The data relating to this point were 
obtained presumably on venous blood within the normal range of pH. Dill, 
Daly, and Forbes? have shown that the temperature coefficient for plasma 
varies with its reaction. Blood having a more acid pH is changed less by 
change of temperature than is alkaline blood. For greater accuracy, it is 
necessary to determine the pH of blood at body temperature. 

Accurate determinations of the pH of blood may be obtained only if 
maximum stability and sensitivity of the electrode and recording systems are 
maintained. Many things may cause instability. Several sources of error 
which were considered during the development of this method will be dis- 
cussed. 
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Data have been presented which demonstrate the profound effect on short 
term stability resulting from temperature gradients across the glass electrode. 
With reference to the effect of temperature on the calomel cell, Wingfield and 
Acree" state that if readings precise to 0.01 or 0.02 pH are to be obtained, the 
cell system should be maintained at a constant temperature in an air or liquid 
bath for several hours before making measurements. The present study 
indicates that drifts as great as 0.1 pH may occur before reproducible buffer 
readings can be obtained when the instrument has not been permitted to 
equilibrate before use. Such drifts are characteristically slow and steady, 
however, and may be compensated for by frequent restandardization against 












known buffer. 

The electrical resistance across the glass membrane is high, usually be- 
tween 30 and 100 megohms. Consequently, a shunt across the two input leads, 
or between ground and the input lead from the silver-silver chloride cell 
(which goes to the grid of the detector tube) will diminish sensitivity. 
Moisture on the outer surfaces of the electrode or near the terminals may act 
as a significant shunt. 

Another effect of the high impedence is to make the lead from the silver- 
silver chloride cell sensitive to small currents induced by local electrostatic 
and electromagnetic fields. This has been prevented in the present application 
by thorough shielding of this lead. A low capacitance coaxial cable with a 
single sheath of tinned copper webbing such as is used for microphone cable 
was found inadequate. A second sheathing proved necessary to eliminate 












instability from this source. 
Sixty cyele interference from local power lines occasionally prevents 






precise reading of the null point indicator. This ean be eliminated usually by 
correction of faulty grounding, elimination of multiple grounds, or by sealing 
some defect in the shielding. 

Despite the many potential sources of error inherent to the glass electrode, 
meticulous technique during operation and maintenance of this instrument, 
and a thorough understanding of the problems associated with this type of 
apparatus will usually insure reliable determinations with a_ sensitivity 










adequate for most purposes. 






CONCLUSIONS 










A modified glass electrode assembly contained in a portable air bath 
which permits serial determinations of the pH of arterial blood at body 
temperature at two-minute intervals with an accuracy of 0.02 pH is described. 
Details of construction are presented. The apparatus is designed for safe use 
in areas where explosive gas mixtures are present. Some problems relevant 
to the determination of the pH of biologie fluids are discussed. 

This method was developed for a specific problem which required fre- 
quent measurements of arterial blood over an extended period of time. It 
offers obvious advantages over other methods usually employed for routine pH 
determination of biologic fluids. The volume of fluid required for each 
determination is approximately two milliliters. The sample may be transferred 
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from the patient directly into the glass electrode through small bore tubing 
without exposure to air and without addition of anticoagulants or preserva- 
tives. The determination may be completed immediately at body temperature. 
The apparatus can be made ready for use again within one minute after 
completion of a determination. 
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SIMULTANEOUS DETERMINATION OF SUCROSE AND INULIN IN 
BIOLOGIC FLUIDS 


M. KENDALL Young, JR., M.A.,* AND JOHN F. PruppEN, M.D., Mep. Sc. D.** 
Fort Sam Houston, TEx. 







N THE course of a study on methods for the measurement of extracellular 

fluid volumes in animals, an anthrone procedure for the determination of 
inulin which had many advantages over other methods was developed. This 
procedure was adapted to the individual determination of sucrose and to its 
simultaneous determination with inulin. 

Determinations of the volumes of distribution of inulin and sucrose on the 
same animal at different times? indicated that inulin had a smaller volume of 
distribution than sucrose. In order to confirm these findings, an accurate 
means of simultaneously measuring these substances of similar chemical proper- 
ties was necessary. Keith and Power,’ using a modified Shaffer-Hartman 
method, and Steinitz,* the resorcinol reaction, have reported simultaneous 
measurements of these materials by determinations before and after yeasting. 
Because of the high degree of reproducibility obtained with the anthrone tech- 
nique, the adaptation of this method to the problem appeared desirable. The 
use of an invertase preparation also offered additional advantages over the 
procedures requiring yeasting. 

















MATERIALS AND METHODS 










The anthrone reagent used in this study has been described previously.1 This reagent 
was prepared by adding 250 ml. of an anthrone solution (4 Gm. of anthrone to 250 ml. 98 
per cent sulfuric acid) to 750 ml. of a sulfuric acid solution (500 ml. 98 per cent sulfuric acid 
to 250 ml. water). Overheating must be avoided. An invertase preparation capable of com- 
pletely inverting 10 per cent sucrose in one hour at room temperature was employed. t 

Color Development.—Color development was carried out in the manner described for the 
determination of inulin.1 Ten milliliters of anthrone reagent were added from an auto- 
matic acid burette to 2 ml. of sample containing 10 to 150 wg of sucrose and/or inulin. 
By shaking the test tube in cool water during addition of the color reagent, heat develop- 
ment was minimized. Tubes were shaken vigorously and placed in a constant temperature 
bath (75° C. + 0.5°) for five minutes. The tubes were subsequently cooled (at least fifteen 
minutes) in tap water, and the color read at 630 my in the Coleman Junior Spectro- 
photometer. 

Plasma.—Plasma proteins were precipitated by a modified Somogyi method using one 
part plasma, thirteen parts water, one part 10 per cent ZnSO, - 7 H.O, and one part 0.525 N 
NaOH} When inulin was to be determined, the precipitate was shaken for twenty minutes in 
a mechanical shaker.1 The protein precipitate was spun down and 4 ml. aliquots were placed in 
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tNinety-eight per cent recoveries of inulin were obtained with 0.525 N NaOH, whereas 
93 per cent and 90 per cent were obtained with 0.5 N and 0.475 N, respectively. Concentra- 
tions of NaOH above 0.525 N gave recovery values greater than 100 per cent, indicating in- 
complete precipitation of protein. 
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tubes containing 1 ml. of 4 N NaOH, and the tubes were covered with a glass marble and 
heated for fifteen minutes at 100° C. The tubes were then cooled, and 2 ml. aliquots were 
taken for color development. 

Urine.—Urine samples were diluted to approximate plasma concentrations, and deter- 
minations were carried out as described for plasma. 

Invertase.—When sucrose and inulin were determined simultaneously, the optical density 
of inulin plus sucrose was determined in the manner described. The optical density* of 
inulin was then determined by incubating 1 ml. of original sample with a 1:10 dilution of 
invertase preparation and 5 ml. of water at 38° C. for sixty minutes. This solution was then 
diluted to 14 ml., the proteins were precipitated and the optical density was determined in 
the usual way. An invertase blank was prepared in the same way, utilizing 1 ml. of the 
invertase dilution and 1 ml. of a plasma or urine blank with appropriate corrections made 
for these blanks. The optical density of inulin was calculated in the following manner: 


(i) ODS... — OPER, = Om. 
O.D.Lcaic. = calculated optical density for inulin. 
O.D.1L.S.inv, —= optical density of the sample incubated with invertase. 
OLD se. = invertase blank. 


The optical density of sucrose was calculated as: 
(2) O.DS.carce. = O.D.LS. -— O.D.Lcare. 
O.D.LS. = the total optical density of sucrose and inulin. 
O.D.L.caic. == the optical density of inulin as calculated above. 


The concentration of inulin or sucrose was then calculated as: 


O.D. Unknown 
= 0.D. Known 
In order to test recoveries of inulin and/or sucrose, aliquots of standard were added to plasma 
or urine blanks, the optical density was determined, and per cent recoveries were calculated. 
To test the effectiveness of the invertase preparation, samples containing sucrose were in- 
cubated with various dilutions of the commercial invertase preparation and incubated for 
different intervals of time. The optical densities were then determined. 





(3) mg. % Unknown x mg. % Known. 


RESULTS 


The effect of temperature on the development of the color intensity with 
sucrose was observed, and the results are given in Fig. 1. This figure shows 
that changes in color density exhibit a linear relationship with the concentra- 
tion at any specified temperature. The temperature used in this study was 
75° C.; maintained for five minutes. This offers the convenience of determining 
sucrose at the optimal temperature of inulin. As with inulin,’ longer periods 
of heating only decrease color intensity. 

The effective concentration of invertase and time of incubation required 
for complete inversiont of sucrose were tested. A 1:10 dilution of the Difco 
preparation proved capable of inverting all sucrose under the experimental 
conditions described previously, i.e., 1 ml. sample, 1 ml. invertase solution, 5 
ml. water, incubated for sixty minutes at 38° C. In order to evaluate the ef- 
feetiveness of the inversion of sucrose at high concentrations, samples contain- 
ing as high as 120 mg. per cent sucrose (the maximum concentration expected 
in measurement of extracellular fluid volume) were tested and inversion was 
found to be 100 per cent. 


*The color intensity of sucrose developed at 75° C. is somewhat less than that for the 
same equivalent of inulin so that individual optical densities must be determined. 
F tInversion as used here is defined as complete disappearance of chromogen from sucrose 
after incubation with invertase. 
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The standard curve for sucrose is presented in Fig. 2. The linearity ob- 
tained demonstrates the reproducibility of this determination over a wide 
range of concentrations. Recoveries of sucrose following sodium hydroxide 
digestion were tested, and C.P. sucrose was found to be 97.8 + 1.8 per cent 
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Effect of temperature upon sucrose color intensity. 





Fig. 1. 


stable in fifteen determinations. The optical densities of the invertase blanks 
in various situations (i.e., samples with no chromogen; with inulin; with su- 
crose; and with inulin and sucrose) were calculated as the difference between 
samples incubated with invertase and their exact counterparts without the 
enzyme. The optical densities of the invertase blanks were 0.015 + 0.005 and 
0.013 + 0.005 for sixty plasma and forty-seven urine samples, respectively. 
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Table I shows the reproducibility of determinations and the coefficients of 
variation. The accuracy of this method was tested more critically by the re- 
coveries of sucrose and/or inulin. These values are shown with their coeffi- 
cients of variations in Table II. The recoveries of sucrose and inulin deter- 
mined together were calculated as: 


O.D.LS. 


ODL. ODS. x 100 recovery of sucrose plus inulin 


1.00 - 
0.90 F 
0.80 + 
0.70 F 
0.60 F 
0.50 F 


0.40 F 


OPTICAL DENSITY 


0.30 F 


0.20 F 


0.10 F 





0.0 i. | iT | i | jl l l I l j 
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Fig. 2.—Sucrose standard curve. This range encompasses that encountered in the 
biologic material analyzed. Each point represents the mean of five determinations. The values 
with their coefficient of variation are: 10 + 3.7 per cent; 20 + 2.11 per cent; 40 + 0.9 per cent; 
60 + 1.55 per cent; 80 + 0.51 per cent; 100 + 0.77 per cent; and 120 + 1.15 per cent. 





This recovery indicates no interference between the color reactions of sucrose 
and inulin. The recovery of sucrose was calculated as the difference in optical 
density of O.D.LS. and O.D.L., thus: 
O.D.LS. - O.D.1. 
O.D.S. 

The recoveries of sucrose and inulin following ineubation with invertase 
are also shown in Table II. One hundred per cent recovery of inulin indicates 
the stability of inulin to invertase, and the complete inversion of sucrose is 
evidenced by essentially zero recovery. Coefficients of variations of the re- 
covery values are given in Table II. 





100 = recovery of sucrose. 
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TABLE I. REPRODUCIBILITY OF OPTICAL DENSITY 




































IN PLASMA IN URINE 
DETERMI- NO. DETERMI- COEFFICIENT NO. DETERMI- COEFFICIENT 
NATION SYMBOL NATIONS OF VARIATION NATIONS OF VARIATION 
In O.D.I 15 +1.76 9 +3.09 
Ss O.D.S. 35 +1.79 9 +3.87 
In +S O.D.LS. 14 +2.00 9 +3.22 
Incvbation With Invertase 

In ODT csac. 15 5 LL 9 +1.50 
In +S OF LR i 15 +3.22 9 +2.13 

In = Inulin. 

S = Sucrose. 

Cale. = Calculated value. 











TABLE II. RECOVERIES OF SUCROSE AND INULIN 





























IN PLASMA | IN URINE 
DETERMI- PER CENT | COEFFICIENT | PER CENT | COEFFICIENT 
NATION SYMBOL RECOVERY | OF VARIATION | RECOVERY | OF VARIATION 











In O.D.T. 97.7 +1.80 99.7 +3.07 
O.D.S. 101.6 











+1.98 +4,29 










8 





Invg  Q-D.LS. 98.0 +1.84 101.6 +3.41 
0.D.1. + O.DS. 


s wis tia 98.0 +1.84 103.1 +341 
O.D.S. 
Incubation With Invertase 
O.D:.Lsy. — O.Daav. 


O.D.I. 


ao | 
O.D.I. 


O.D.S.tny. — O-Deinv. 
O.D.S. 


O.D.1.S.my, — O.D.Dotnv. 





























In 100.8 +2.69 99.6 +2.40 













In 
































O.D.8. a 
In = Inulin. 
S = Sucrose. 
Inv. = Invertase. 





DISCUSSION 







The determination of sucrose by the modified anthrone procedure offers 
the following distinct advantages: (a) The procedure measures sucrose di- 
rectly. (b) Both the fructose and glucose fractions react to produce color. 
Resorcinol or reducing sugar tests determine only one fraction of the sucrose 
molecule. (c) The procedure is simple, highly reproducible, and accurate. 
(d) Anthrone has been demonstrated to give a stable color. 

The advantages of the anthrone procedure for the determination of inulin 
have already been reported. The use of an invertase preparation has proved 
to give reliable results, and offers the advantages of a low blank, with no cor- 
rection necessary for yeast cell volume. 

The data presented here for the simultaneous determination of inulin and 
sucrose have been pooled to give deviations caused by all conditiens that may 
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be encountered in this procedure. Variations were evident from one day to 
the next. It must be borne in mind, therefore, that greater accuracy will be 
obtained by the use of standards and blanks from any particular day for the 
calculation of results on that day. This technique was followed routinely 
when this procedure was carried out in human studies.® 


SUMMARY 


An anthrone procedure has been developed for accurate determinations 
of sucrose and for the simultaneous determination of sucrose and inulin. 
Simultaneous determinations of these materials were accomplished by the 
measurement of optical densities of samples before and after inversion and 
subsequent digestion with NaOH. 

A linear relationship existed between optical density and concentration of 
sucrose when the color was developed at temperatures from 75° to 100° C. 

The commercial preparation of invertase employed in this study gave com- 
plete inversion of sucrose (i.e., no color caused by sucrose was evident after 
incubation). This preparation also gave low blank values. 

The coefficients of variations for sucrose determinations were + 1.79 per 
cent in plasma and + 3.87 per cent in urine, Those for the determination of 
inulin were + 1.76 per cent and + 3.09 per cent in plasma and urine, respectively. 

The recoveries of these materials after incubation with invertase gave 0.0 
per cent recovery of sucrose and 100 per cent recovery of inulin. 

The advantages of this technique are discussed. 


We are grateful to Dr. Lawrence G. Raisz for his aid in the initiation of this project, 
and to Captain Jerry A. Stirman for his advice during its progress. The helpfulness of 
Colonel William H. Amspacher and the technical assistance of Ivan T. Stinson, Alfred J. 
Coscia, and Harley E. Sterling is appreciated. 
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THE DETERMINATION OF CYANIDE IN BIOLOGIC FLUIDS BY 
MICRODIFFUSION ANALYSIS 


MILTON FELpsTEIN, M.A., AND NIELS C. KLENDSHOJ, M.D. 
BuFrao, N. Y. 










ICRODIFFUSION analysis is admirably suited for the detection and 
estimation of small quantities of volatile substances. Conway' has 
pioneered the application of this method of analysis to the determination of 
such substances as ammonia, alcohol, carbon dioxide, volatile amines, and 
carbon monoxide. The Conway diffusion dish has become a_ standard 
laboratory item. This paper is concerned with the application of the micro- 
diffusion technique to the estimation of cyanide in biologic fluids. The final 
colorimetric assay of cyanide is based on the procedure of Boxer and 
Rickards.’ 















AND METHODS 





MATERIALS 





Reagents.— 

a. One-tenth N NaOH. 

b. One M NaH.POQ,. 

c. Twenty-five hundredths per cent solution of chloramine T (keep refrigerated). 

d. Saturated aqueous solution of 1-phenyl-3-methyl-5-pyrazolone. Store in brown bottle. 







(Eastman Kodak Reagent, recrystallized from 95 per cent alcohol.) 

e. One-tenth per cent solution in pyridine of bis-(1-phenyl-3-methyl-5-pyrazolone ) 
prepared by boiling a mixture of 50 ml. ethylacetoacetate and 150 ml. phenylhydra- 
zine under reflux until the solid bis-(1-phenyl-3-methyl-5-pyrazolone) separates. 
Filter and wash with hot aleohol. The pyridine solution is prepared fresh as needed. 

The following reagents are prepared immediately prior to color development: 









a. Chloramine T-phosphate reagent. To 1 part of 0.25 per cent chloramine T solu- 
tion add 3 parts of 1 M NaH,PO,. Mix and keep in the ice bath. 

b. Pyrazolone-pyridine reagent. To 5 parts of saturated aqueous solution of phenyl- 
methylpyrazolone add 1 part of the bis-phenylmethylpyrazolone in pyridine. 








Procedure.—It is essential that all glass apparatus be cleaned thoroughly in acid 
dichromate, rinsed in distilled water, and then oven dried. Tissue homogenates are pre- 
pared by blending a weighed portion of tissue in a Waring blendor with sufficient water 
to make a 1 to 5 dilution of tissue. Pipette an aliquot of blood plasma, urine, stomach 
contents, or tissue homogenate (usually 3 to 5 ml.) into the outer chamber of the 
standard Conway dish. To the central chamber add 2.0 ml. of 0.1 N NaOH to absorb the 
liberated hydrocyanic acid. The ground glass cover of the unit is smeared with petroleum 
jelly and placed on the dish; a small space is left at the edge for the final addition of 1 
ml. 10 per cent sulfuric acid to the outer chamber. The lid is then moved into position 
to cover both chambers. The entire unit is rotated gently to mix the contents of the 
outer chamber, and then allowed to stand for two hours to permit complete absorption of 
hydrocyanie acid by the alkali in the central chamber. 
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At the end of two hours, the lid is removed and 1.0 ml. of the alkali is transferred to 
a test tube. A blank consisting of 1.0 ml. of 0.1 N NaOH is prepared at the same time, 
and unknown and blank tubes are placed in an ice bath. To each tube add 0.2 ml. of 
chloramine T-phosphate reagent. The contents of the tubes are mixed, and allowed to 
stand for two to three minutes in the ice bath. This is followed by the addition of 3.0 
ml, of pyrazolone-pyridine reagent. The contents of the tubes are mixed, and allowed to 
stand at room temperature for sixty minutes. The optical density of the blue color is 
then determined in a Beckman Model B spectrophotometer at 630 my with the blank set 
at zero density. 

Standard solutions of cyanide containing 0.1 to 2.0 ug of cyanide per milliliter of 
0.1 N sodium hydroxide are prepared and the color is developed as described above. A 
calibration curve relating optical density and concentration is obtained (Fig. 1), and the 
cyanide content of the material being analyzed is read from the curve. It can be seen 
from Fig. 1 that the Laws of Bouguer and Beer are obeyed in the range of concentration 
0.1 to 2 wg of cyanide. This is equivalent to a concentration in 4 ml. biologic fluid of 5 
to 100 wg per cent. The sensitivity can be increased by reducing the volume of sodium 
hydroxide in the center well of the Conway unit to 1.0 ml. The lower limit of sensitivity 
would then be 2.5 wg per 100 ml. sample or 0.1 ug in 4 ml. sample. 
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Fig. 1.—Concentration-Density curve for cyanide in 0.1 N NaOH. Wavelength = 630 milli- 
crons; Beckman Model B Spectrophotometer; 1 cm. cells. 


EXPERIMENTAL 


In order to determine the optimum time required for the absorption of 
hydroeyanic acid, known quantities of cyanide were added to blood plasma, 
urine, and tissue homogenates, and these samples were then prepared for 
analysis, as described previously. The Conway units were allowed to stand 
for varying periods of time, after which the analysis for cyanide was 
completed, as described previously. Table I shows these results, and indicates 
that diffusion is complete in two hours. Recovery of added cyanide to 
samples of blood plasma, urine, and tissue homogenates is shown in Table II. 
The table indicates that recoveries range from 96 to 102 per cent. 
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TaBLE I. THE EFFECT OF DIFFUSION TIME ON THE RECOVERY OF CYANIDE FROM PLASMA, 
URINE, AND TISSUE HOMOGENATES* 








CYANIDE PRESENT PER CENT RECOVERY 
(MICROGRAMS TIME OF DIFFUSION (HOURS) 

PER SAMPLE) % 1 1.5 2 3 4 

0.5 81 90 93 97 96 98 

1.0 83 89 92 98 99 98 

2.0 80 86 93 100 98 101 


*These figures represent an average of several determinations, and are similar for plasma, 
urine, and tissue homogenates. 











TABLE II. RECOVERY OF CYANIDE ADDED TO PLASMA, URINE, AND TISSUE HOMOGENATES 








CYANIDE PRESENT CYANIDE RECOVERED 


(MICROGRAMS PER SAMPLE) MICROGRAMS | PER CENT 
0.100 0.102 100 
0.100 0.096 96 
0.500 0.480 96 
0.500 0.510 101 
0.500 0.490 98 
1.000 0.960 96 
1.000 0.980 98 
1.000 1.020 102 
2.000 1.960 98 
2.000 2.020 101 











TABLE III. BLoop PLASMA CYANIDE LEVEL OF NORMAL INDIVIDUALS AND OF PATIENTS WITH 
MULTIPLE SCLEROSIS 








CYANIDE LEVEL 
(MICROGRAMS PER CENT) 
1.5 
9.7 
14.3 
10.6 
7.8 
9.2 


1.2 





0.0 

‘ 3.9 
10 10.7 
a1” 8.6 
12 3.1 
13* 0.0 
14 0.0 
15 4 
16 0.0 


*Multiple sclerosis. 





DISCUSSION 


The possible presence of cyanide in normal blood and tissues has been the 
subject of many investigations. Gettler and Baine* reported no cyanide 
present when their method was used.. Boxer and Rickards‘ report less than 
0.4 wg per cent in biologie fluids, and describe the finding of traces of cyanide 
in respiratory air and urine.® 

It has long been known that certain foods give rise to cyanide. These 
eyanogenetic foods contribute detectable quantities of cyanide to the blood 
and urine. The presence of a cyano group bound within the central coordina- 





—- DETERMINATION OF CYANIDE BY MICRODIFFUSION ANALYSIS 169 
tion complex of the cobalt atom of vitamin B,. has been described by Brink 
and associates. Fowler and colleagues have reported the finding of elevated 
cyanide levels in the blood of patients with multiple sclerosis.*. Goldstein and 
Rieders have shown that an enzyme system capable of converting thiocyanate 
to eyanide is operative in dog and man.*® 

Normal blood plasma and urine and the plasma from cases of multiple 
sclerosis were assayed for their cyanide content as described previously. The 
results are listed in Table III. The results indicate that cyanide may normally 
be found in the blood and urine, and that there is no appreciable difference 
in the cyanide content of the plasma of normal individuals and the plasma of 
patients with multiple sclerosis. 

Several cases of mild industrial exposure to cyanide fumes which did not 
terminate fatally were assayed by the present method with the results shown 
in Table IV. In each case where blood samples were obtained shortly after 
exposure, significantly higher than ‘‘normal’’ cyanide levels were obtained. 
These values return to ‘‘normal’’ in a short period of time. 


TABLE LV. BLoopD PLASMA CYANIDE LEVEL OF INDIVIDUALS EXPOSED TO CYANIDE FUMES 








TIME AFTER EXPOSURE | 
es = ay - aad | li, 1 9 4 
SPECIMEN WAS OBTAINED 2 “ 
CASE NO (HOURS ) | CYANIDE LEVEL (pg %) 
56 - 12 
18 6 
- 4 
31 











During the course of the investigation, it was found that recovery of 
cyanide added to freshly drawn samples of whole blood varied from 30 to 90 
per cent. The lower recoveries were obtained when the added cyanide was 
in contact with red blood cells for one to five hours, and the higher recoveries 
were obtained when the samples were analyzed fifteen to twenty minutes after 
the addition of cyanide. Complete recovery of added cyanide was obtained 
when analysis of whole blood was started immediately after the addition of 
cyanide. Recovery of cyanide added to whole blood which had been standing 
for twenty-four hours was also complete. Evidence has been obtained indiecat- 
ing the presence of an active enzyme system in the red blood cells capable of 
removing added cyanide. This subject is being further investigated. The 
ability of tissue homogenates (liver, kidney, brain), plasma, and urine to re- 
move cyanide is absent under the conditions employed here. 


SUMMARY 


A rapid, sensitive method for the determination of cyanide in biologic 
Samples is presented. The method is based upon the diffusion of cyanide 
from the outer chamber of a Conway cell to the inner chamber, where it is 
absorbed in dilute alkali. The colorimetric estimation is performed by the 
method of Boxer and Rickards. Normal blood plasma cyanide levels are 
shown to vary from zero to 14 wg per cent. The role of cyanogenetie foods 
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and thiocyanate is mentioned as a possible source of normal cyanide. The 
plasma cyanide level of patients with multiple sclerosis does not differ sub- 
stantially from the normal. Mild exposure to cyanide fumes results in in- 
creased blood levels if the sample is obtained shortly after exposure. 
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